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Boulenger,  to  whom  we  owe  the  latest  reform  of  the  systematic  classifica- 
tion of  the  teleosts,  founded  in  1902  (3  a,  p.  151)  a suborder  Catosteomi,  which  with 
unchanged  contents  and  w-ith  the  same  name  was  taken  over  into  his  general 
systematic  synopsis  of  1904  (3b,  p.  172).  The  forms  composing  this  suborder  are 
placed  by  Boulenger  in  11  families  under  4 groups  in  the  following  manner: 


I.  Selenichthyes.  1.  Lamprididce. 

II.  Hemihranchii.  2.  Gastrosteidce,  3.  Aulorhynchidce,  4.  Protosyngnathidce  (ex- 

^ tinct),''5.  Aulostomatidce,  6.  Fistulariidce,  7.  Centriscidce,  8.  Amphisilidce. 

III.  Lophobranchii.  9.  Solenostomidce,  10.  Syngnathidce. 

IV.  H y pos  to  mid  es.  11.  Pegasidce. 


% 

H 


Regarding  this  whole  suborder  he  says:  “The  whole  question  of  the  arrange- 
ment of  the  Physoclists  with  abdominal  ventrals  (Catosteomi  and  Percesoces)  is,  I 
feel,  much  in  need  of  revision,  and  it  may  be  found  advisable  to  break  up  this 
group  (Catosteomi)  into  a greater  number  of  suborders,  in  which  case  the  Selenich- 
thyes would  stand  by  themselves;  the  Hemibranchii  and  Lophobranchii  would  be 
united  under  tbe  former  name,  as  proposed  by  Woodward,  or  under  that  of  Thora- 
costei  (Swinnerton)  or  Phthinobranchii  (Hay)”.  For  my  part  I am  quite  at  one 
with  Boulenger  on  the  necessity  of  a revision  of  this  suborder;  1 believe,  that  not 
only  should  the  suborder  be  broken  up  as  several  of  its  groups  must  be  referred 
elsewhere,  but  also  that  its  largest  and  central  group,  Hemibranchii,  must  be  split 
up  and  some  of  its  families  likewise  removed  elsewhere.  Group  I,  i.  e.  the  genus 
Lampris,  has  already  been  removed  by  Gill  (12  c)  from  the  relationship  with  the 
others;  so  far  as  I can  judge,  there  is  every  reason  to  take  it  far  away,  but  as  I 
have  as  yet  only  glanced  at  its  skeleton  I shall  not  venture  to  express  any  definite 
opinion  regarding  its  right  place*.  I have  however  studied  the  other  forms  more 
in  detail,  and  I shall  indicate  here  my  view  of  their  position.  Group  IV,  i.  e.  Pe- 
gasidce, should  be  removed  to  Boulenger’s  Subordo  IX,  Acanthopterygii,  and  within 
this  to  Boulenger’s  7th  division  Scleroparei,  the  Mail-cheeked  forms.  The  two 
nearly  related  families  Gastrosteidce  and  Aulorhynchidce  of  Group  II,  the  Hemi- 
branchii, should  be  removed  to  the  same  place.  The  remainder  form  a natural 

* Quite  recently  C.  Tate  Regan  (25b  p.  634  seq.)  has  placed  the  Lamprididce  with  the  Veliferidce, 
Trachypteridce  and  Lophotidcc,  which  four  families  he  regards  as  forming  one  suborder  Allotriognathi 
related  to  the  Berijciformes. 
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group  of  related  forms.  For  this  we  might  possibly  retain  the  name  Hemihranchii, 
but  this  name  is  certainly  somewhat  misleading;  it  is  due  to  Cope  (6)  and  was 
intended  to  denote  that  the  forms  thus  indicated  are  remarkable  for  a certain 
weakness  and  incompleteness  in  the  branchial  apparatus.  This  is  true,  however, 
of  not  a single  one  of  the  forms  which  Cope  (and  after  him  Boulenger)  included 
under  the  Hemihranchii,  and  applies  only  to  the  Solenostomidce  and  Syngnathidce, 
which  he  did  not  include  in  this  group.  Whether  now  this  natural  series  of 
forms  “Hemihranchii”  (-f-  Gastrosteidae  and  Aulorhynchidae)  -f-  “Lophobranchii”  (Sol- 
enostomidae  and  Syngnathidae)  should  be  maintained  as  a suborder,  and  where  it 
should  be  placed  eventually  in  the  system,  I shall  not  discuss  in  the  present  com- 
munication, nor  shall  I enter  here  into  the  reasons  why  I remove  the  Gastrosteidce, 
Aiilorhynchidcv  and  Peyasidce  and  place  them  with  (or  near  to)  the  Scleroparei-,  I 
believe,  in  fact,  that  but  little  is  gained  by  discussing  the  systematic  position  before 
the  structure  of  the  forms  in  question  is  better  known  than  at  the  present  moment. 
The  truth  is,  indeed,  that  the  descriptions  of  the  structure  of  most  of  these  fishes 
are  defective,  for  some  naturally  more  defective  than  for  others;  but  even  for  such 
common  forms  as  the  sticklebacks  and  the  pipe-fishes  there  are  several  features  of 
considerable  importance  which  have  escaped  attention  or  have  been  misunderstood  •*'. 
In  successive  later  communications  I hope  to  give  a description  of  the  principal 
characteristics  of  the  structure  of  all  the  forms  in  question,  at  least  of  their  osteo- 
logy; in  the  present  paper  I shall  deal  exclusively  with  the  two  genera  Amphisile 
and  Centriscus.  I may  however  just  mention  here  already,  that  this  whole  commu- 
nity of  forms  shows  a number  of  characteristics  in  the  skeletal  structure  of  the 
head,  which  so  far  as  I know  are  not  found  united  in  any  other  fishes  whatsoever; 
namely:  1.  the  parietals  and  opisthotics  are  wanting;  2.  the  pterotic  (squa- 
mosal) reaches  ventrally  to  the  base  of  the  cranium,  articulating  there  with  the 
basioccipital  or  also  with  the  parasphenoid,  and  thus  excludes  the  exoccipitals  and 
prootics  from  meeting;  3.  the  snout  parts  of  the  cranium  (ethmoid  and  vomer) 
are  extremely  prolonged  forming  a “beak”;  4.  the  under  margin  of  this  beak  is 
closely  bound  in  the  whole  of  its  length  with  the  whole  of  the  upper  margin  of 
the  part  of  the  suspensorium  lying  in  front  of  the  hyomandibular;  in  this  way  an 
extremely  characteristic  tube  is  formed,  which  supports  in  front  the  true  mouth 
parts;  5.  the  palatines  are  short  and  only  connected  with  the  vomer  (in  Aiilosto- 
miim  alone  they  are  likewise  in  touch  with  the  anterior  end  of  the  ethmoid);  6. 

* In  the  Biologia  Centr.  Americana.  Pisces,  just  published  (February  (908)  Regan  (pp.  X — XI), 
after  having  e.xcluded  the  Ilyposiomides  and  Selenichthyes  from  the  Caiosleomi  Blgr.,  which  suborder 
he  finds  “unnatural  and  indefinable”,  says  that  “tlic  remainder,  which  corresponds  to  the  Hcmibranchii 
of  Smith  Woodward,  is  still  a heterogenous  assemblage  which  I find  incapable  of  definition,  and  includes 
three  well-marked  but  probably  related  groups  which  should,  in  my  opinion,  be  given  subordinal 
rank.”  These  are  1)  Thoracostei  (=  Gastrosteidce,  Aulorhynebidee,  Fistiilariidce  and  Aulostomidee ; 2) 
Solenichthyes  (nom.  nov.)  (=  Amphisilidee  and  Centriscidee);  3)  Lophobranchii  (=  Solenostomidce  and 
Syngnathidce).  As  stated  above  1 do  not  at  all  agree  in  placing  Gastrosteidce  and  Aiilorynchidce  together 
with  Fistulariidce-Aulostomidce,  but  these  matters  I shall  discuss  in  a later  paper. 
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the  metapterygoid  (if  it  occurs)  does  not  meet  the  hyomandibular ; 7.  the  lateral 
line  bones  of  the  head  are  more  or  less  reduced.  In  the  future  communications  I 
shall  discuss  more  closely  these  separate  features  in  each  of  the  genera  of  the 
group,  but  I may  add  here  some  brief  notes  regarding  points  3 — 7. 

Point  3.  Of  the  two  main  constituents  of  the  cranial  “beak”,  the  vomer 

and  ethmoid,  the  vomer  is  always  the  longer  part,  reaching  in  general  from  the 

region  under  the  orbit  to  tbe  tip  of  the  snout,  while  the  ethmoid  only  begins  in 
front  of  the  orbit  and  ends  at  a longer  or  shorter  distance  from  the  tip  of  the 

snout.  Regarding  the  beak  from  above,  however,  the  part  of  these  two  bones 

which  is  observable  on  the  cranial  surface  varies  considerably;  in  Amphisile  and 
Centriscus  quite  a small  part  only  of  the  mesethmoid  is  seen,  whilst  a very  long 
anterior  part  belongs  to  the  vomer;  in  the  Syngnathida;  (Nerophis)  the  vomer  and 
mesethmoid  each  constitute  approximately  the  half  part  of  the  dorsum  of  the  beak 
in  front  of  the  frontals;  in  Solenostomiim  and  Fisiiilaria  about  three-fourths  of  this 
belongs  to  tbe  ethmoid,  a fourth  part  to  the  vomer,  and  in  Aiilostomum  the  ethmoid 
extends  practically  to  the  tip  of  the  snout. 

Point  4.  In  Amphisile  and  Centriscus  we  find  all  the  components  of  the  part 
of  the  mandibulary  suspensorium  in  question  which  are  typical  of  the  bony  fishes 
in  general,  namely:  palatine,  ecto-,  ento-  and  metapterygoid,  symplectic  and  quadrate; 
the  palatine,  ento-  and  metapterygoid  form  the  upper  edge  connected  with  the 
cranial  beak.  In  Aulostonmm  and  Fistularia  the  ectopterygoid  is  wanting  and  the 
palatine,  entopterygoid  and  metapterygoid  form  the  connection  with  the  cranial 
beak,  also  the  symplectic  in  Fistularia.  In  Solenostomiim  and  the  Syngnathida;  the 
metapterj'goid  is  wanting;  in  the  former  the  palatine,  entopterygoid  and  symplectic 
form  the  connection  with  the  cranium,  just  as  in  Hippocampus,  while  in  Siphono- 
stoma  and  Nerophis  the  ectopterygoid  also  reaches  to  the  cranium. 

Point  6.  The  absence  of  the  connection  between  the  metapterygoid  and 
hyomandibular,  which  is  present  in  the  majority  of  the  bony  fishes,  is  a result  of 
the  development  of  the  snout  into  a tube;  that  not  every  elongation  of  the  snout 
necessitates  the  removal  of  the  metapterygoid  from  the  hyomandibular  is  seen,  for 
example,  in  Spinachia  and  Aulichthys  where  the  usual  connection  is  preserved. 

Point  7.  All  the  lateral  line  bones  of  the  head  are  lacking  in  Solenostomiim 
and  Fistularia.  The  nasals  are  only  found  in  Amphisile  and  Centriscus;  the  infraor- 
bitals are  wanting  in  all  tbe  genera  with  exception  of  the  so-called  preorbital  or 
antorbital.  This  is  much  reduced  in  Aiilostomum,  fairly  small  in  Centriscus,  whilst 
it  is  much  developed  in  Amphisile  and  the  Syngnathida;.  In  Amphisile  a row  of 
2-4  thin  bony  plates  connect  directly  with  its  anterior  end  and  may  be  regarded 
as  separate  parts  of  it;  undoubtedly  homologous  with  these,  we  find  in  the  Syng- 
nathidce,  in  front  of  and  connected  with  the  true  preorbital,  1 bony  plate  (of  con- 
siderable size  in  Siphonostoma,  smaller  in  Nerophis)  or  2 {Hippocampus,  Solenogna- 
thus).  In  the  Syngnathidce  a part  of  the  lower  edge  of  the  preorbital  is  connected 
with  the  preoperculum  (whereas  it  is  the  infraorbital  No.  3,  which  is  lacking  in 
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all  these,  which  forms  this  connection  in  the  Gastrosteidce , Aulorynchidce  and 
Pegasidce,  thus  exactly  as  in  the  Scleroparei).  In  none  of  the  genera  does  the 
preorbital  contain  any  canal  for  the  lateral  line;  on  the  other  hand  the  lateral 
line  passes  through  the  nasal  in  Amphisile  and  Centrisciis. 

Structure  of  the  Genera  Amphisile  and  Centriscus. 

The  grouping  together  of  Amphisile  and  Centriscus  is  very  old.  Linne  as  is 
known  placed  in  the  same  genus  Centriscus  the  species  C.  scutatus  (==  A.  scutatd) 
and  C.scolopax  (Syst.  nat.  Ed.  XII,  p.  415);  later  ichthyologists  have  however  mostly 
endeavoured  to  emphasize  the  dilTerences  and  to  remove  the  two  forms  as  far  as 
possible  from  one  another.  They  have  rightly  maintained  two  genera,  each  with 
its  species;  in  recent  times  these  have  again  been  raised  to  the  level  of  families, 
2 in  number,  each  with  2 genera.  Too  much  concentration  on  the  fairly  obvious 
diflerences,  which  for  a great  part  express  themselves  quite  externally,  seems  however 
to  have  led  observers  to  forget  or  to  overlook  the  essential  resemblances  which 
really  exist.  These  seem  to  me  so  considerable  that  I consider  it  right  to  maintain 
one  family,  Centriscidce,  with  only  two  genera  Amphisile  and  Centriscus''^.  Of  the 
former,  I know  the  species  A.  scutata  L.  (Gthr.),  strigata  Gthr.  and  punctulata  Bian- 
coni;  of  the  latter,  C.  scolopax  L.,  gracilis  Lowe  and  humerosus  Richards.  I shall 
not  discuss  here  the  validity  of  the  other  supposed  species  of  both  genera,  but  I 
am  most  inclined  to  believe  that  they  are  not  maintainable;  nor  does  the  division 
of  each  of  the  genera  into  2 separate  genera  seem  to  me  valid,  but  this  question 
also  will  not  be  discus.sed. 

In  first  dealing  with  Amphisile  and  thereafter  Centriscus  in  the  following  pages, 
I have  no  intention  naturally  of  giving  the  impression  that  1 consider  Amphisile 
the  more  primitive  and  simpler  form  — the  opposite  is  indeed  the  case  — but  my 
investigations  began  with  Amphisile,  which  seemed  to  me  from  Gunther’s  descrip- 
tion somewhat  enigmatical  and  to  have  been  on  the  whole  curiously  dealt  with; 
it  was  only  later  that  I took  up  Centriscus  and  saw  clearly  how  much  was  insuf- 
ficiently known  in  this  form  also,  and  how  much  in  it  threw  light  on  the  condi- 
tions in  Amphisile. 

Amphisile. 

In  appearance  Amphisile  is  quite  remarkable.  The  body  is  extremely  com- 
pressed; the  diameter  at  the  broadest  part  of  the  trunk,  as  Giinther  remarks,  is 
scarcely  greater  than  the  diameter  of  the  orbit.  The  ventral  edge  is  as  shai’p  as  a 
razor.  The  head  is  produced  into  a long  tube,  with  a small  terminal,  toothless 
mouth,  as  in  a pipe-fish.  The  trunk  runs  out  posteriorly  into  a long  spine,  under 
which  is  seen  two  dorsal  fins  and  a quite  short  caudal  fin  directed  obliquely 

* I disregard  here  the  objections,  which  might  be  raised  with  a certain  amount  of  right,  against 
using  this  generic  name  for  the  species  scolopax,  gracilis  and  humerosus.  In  using  the  names  the 
main  thing  for  me,  here  as  elsewhere,  is  that  there  can  be  no  doubt  what  forms  are  being  discussed. 


7 


4ri 

downwards  at  an  obtuse  angle  to  the  horizontal  axis  of  the  body;  the  anal  tin  lies 
immediately  in  front  of  the  caudal.  About  half  way  along  the  ventral  aspect  we 
find  the  generally  small  ventral  fins.  The  last  are  thus  abdominal,  lying  far  behind 
the  pectorals,  as  is  usual  in  the  Physostomi.  This  form  is  however  aphysostomous. 
The  swim  bladder  is  present;  this  can  be  seen  easily  by  holding  a specimen  up 
against  the  light.  It  is  noticed  at  the  same  time,  that  the  sharpest  part  of  the 
belly  is  devoid  of  contents  and  forms  a thin,  transparent  region,  a veritable  knife- 
edge.  It  is  said,  from  the  observations  by  Willey  (34  p.  719)  and  Townsend  (25a 
p.  318),  that  the  fish  swims  in  a vertical  position,  cutting  the  water  with  its  belly 

— but  I can  hardly  believe  that  this  position  is  the  normal  one  for  the  fish*. 

Most  of  the  fish  is  armoured;  the  part  not  covered  by  scutes  is  quite  naked, 
without  scales. 

The  head  is  movable,  a little  up  and  down;  otherwise  the  whole  body  is 
quite  stiff  and  only  the  tail  and  fins  are  flexible. 

Exoskeleton. 

The  armour  of  the  bodj'  consists  of  a dorsal  and  a ventral  cuirass.  The 
dorsal  cuirass  on  each  side  is  composed  essentially  of  2 rows  of  slightly  alternating 
plates,  each  row  consisting  of  5 parts;  namely,  an  upper,  dorsal  row  of  scuta  (PI.  I, 
(fig.  1,  1 — 5)  and  a lower,  lateral  row  (PI.  I,  fig.  1,  I — V).  The  four  anterior  dorsal 
plates  are  elongated,  narrow  and  meet  the  corresponding  plates  of  the  other  side 
in  the  middle  line  of  the  dorsum  in  a simple,  straight  suture;  the  unpaired  scutum 
covering  the  dorsal  spine  is  wedged  into  the  middle  line  of  the  dorsum  behind 
no.  4 and  the  5th,  hindmost,  dorsal  plate  is  thus  excluded  from  meeting  its  fellow^ 
of  the  opposite  side.  This  plate  is  elongated,  triangular,  with  its  posterior  point 
running  out  alongside  the  dorsal  spine,  whilst  anteriorly  it  spreads  down  on  the 
side  more  than  the  other  plates  in  the  same  row.  In  the  twm  species  A.  strigata 
and  punctulata  there  is  still  another,  small,  unpaired  plate  anteriorly  in  the  middle 
line  of  the  dorsum,  pushed  in  betw'een  the  posterior  ends  of  the  first  pair  of  plates 
and  the  neighbouring,  anterior  part  of  the  2nd  pair.  This  unpaired  plate,  which 
belongs  in  reality  to  the  endoskeleton,  seems  to  have  been  hitherto  quite  over- 
looked, though  its  absence  in  A.  scutata  should  be  one  more,  easily  observable 
character  to  distinguish  this  species  from  the  two  others. 

Of  the  low'er  row  of  lateral  plates  the  first  (I)  is  the  smallest  and  narrow; 
the  remainder  are  of  good  size,  especially  III  and  IV.  A distinct  longitudinal  line 

— sometimes  somewdiat  depressed  like  a furrow  — runs  across  these  plates;  in 
the  first  it  goes  right  along  the  ventral  border,  in  the  three  following  nearer  to 
the  dorsal  border;  on  the  posterior  plate  it  runs  to  the  ventral  border  almost 
through  the  centre  and  parallel  to  the  dorsal  margin.  On  the  naked  portion  of 

* In  one  point  the  observations  do  not  agree:  while  Willey  represents  the  fish  swimming  with 
the  head  upwards,  Townsend  (teste  Regan)  says  that  those  of  his  specimens  wliich  were  “sufficiently 
alive  when  dredged  to  swim  in  a tub  of  water”  swam  head  down. 
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the  fish  this 
muscles. 


line’s  continuation  lies  between  the  upper  and  lower  lateral 


This  line  on  the  lateral  plates  is  due  to  a very  prominent, 
thin  ridge  or  lamella  on  their  inner  surface,  which  is  joined  to 
the  likewise  lamellar-like  transverse  processes  on  the  correspon- 
ding part  of  the  spinal  column:  an  immovable  connection  is  thus 
formed  between  the  exo-  and  endoskeleton. 

Examined  more  closely  the  condition  is  as  follows  (cf.  fig.  1). 
A little  behind  the  anterior  end  of  the  lateral  plate  I arises  a single 
fold  or  ridge  which  soon  divides  into  two  lamellae,  an  upper  and 
a lower,  separated  by  a very  narrow  cleft;  in  this  is  set  the  ante- 
rior end  of  the  transverse  process  on  the  2nd  abdominal  vertebra; 
the  two  lamellae  fuse  again  to  one,  which,  traversed  by  the  suture 
between  plates  I and  II,  is  continued  on  plate  II;  between  the  two 
plates  the  lamella  has  a deep  notch;  on  the  plate  II,  close  behind 
the  notch,  the  lamella  again  becomes  double  and  remains  so  nearly 
to  III,  where  it  is  single,  then  we  have  a notch,  it  becomes  double 
again  on  III  and  so  on  as  far  as  IV.  The  thicker,  middle  part  of 
the  transverse  processes  on  the  2nd,  3rd  and  4th  vertebrae  is  inserted 
in  the  notches,  whilst  the  thinner,  remaining  part  of  the  same 
process  is  enclosed  between  the  double  lamellae  as  in  a sheath. 
Each  of  the  long  transverse  processes  on  the  2nd  — 4th  vertebrae 
is  thus  inserted  into  two  lateral  plates;  the  transverse  process  on 
the  5th  vertebra  on  the  other  hand  is  only  connected  by  its  ante- 
rior part  with  one  plate,  IV.  On  plate  V the  lamella  is  single  and 
low,  and  seems  to  be  absent  in  A.  scutata. 

Further  constituents  of  the  dorsal  armour  are,  on  each  side, 
the  two  plates  scl  and  cl,  PI.  I,  fig.  1,  as  also  the  dorsal  spine  T. 

The  two  former  are  in  reality  parts  of  the  pectoral  girdle; 
the  upper,  scl,  is  the  supraclavicular.  It  is  connected  anteriorly  by 
an  articulation  with  the  posttemporal  (suprascapular,  supraclavicula 
I),  pt,  which  forms  part  of  the  skull;  its  other  connections  are 
first  to  sixth  ai.cionii-  immovable;  it  meets  above  with  dorsal  plate  I in  a simple  straight 

nal  vertebra'  seen  t x ^ 

from  below ; the  exo-  suture,  below  witli  cl  in  a somewhat  curved  suture,  posteriorly 

skeleton  has  been  re-  ’ ? i 

sYde^me^'iaferaV’iL^^^^^  with  the  auteriof  end  of  the  lateral  plate  II  in  a dentated,  oblique 
riKhishie:T."incisioii  suture.  The  lower  plate  cl  is  a good  deal  larger,  elongated,  some- 
cesse.s  nervis ' ” what  crescciit-shaped  in  A.  scutata,  shorter  and  relatively  somewhat 
ThT>^nunUw^^^  higher  in  the  other  two  species;  the  posterior  point  reaches  the 
/-/i  point  totiieiuif'e.  (.jgg  Qf  jjasg  of  the  pcctoral  fin;  the  ventral  border  is 

in  contact  for  a long  distance  with  the  upper  margin  of  the  5th  ventral  scutum  in 
scutata  but  not  in  the  other  species;  the  anterior  part  of  the  ventral  border  is  in 
contact  with  the  small  scutum  S in  all  three  species,  over  a fairly  long  distance 


Fif(.  1 
Aniph.  sciilata.  1 
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in  the  two  species  where  the  latter  is  large,  but  for  quite  a short  way  in  scutata; 
the  dorsal,  curved  margin  seems  to  be  a simple  suture;  in  leality  however  the  cl 
is  here  continued  in  under  the  edge  both  of  the  dorsal  plate  II  and  of  the  supra- 
clavicle  as  a thin  lamella  which  reaches  nearly  to  the  ridge  which  forms  the  con- 
nection with  the  vertebral  column  in  this  region. 

The  dorsal  spine  in  A.  scutata  (PI.  I,  fig- 1,  T)  is  formed  of  a single,  undi- 
vided piece,  sculptured  like  the  dorsal  plates  with  fine  longitudinal  lines  and 
intervening  furrows;  the  anterior  part 
inserted  between  the  dorsal  plates  is 
somewhat  flatter,  the  remainder  is 
rounded,  graduating  evenly  towards 
the  posterior  end,  in  cross-section  ver- 
tically oval;  there  is  a furrow  along 
its  ventral  aspect  occupied  by  the 
membrane  of  the  first  dorsal  fin,  the 
upper  edge  of  which  it  supports.  It 
is  somewhat  variable  in  length  in  this 
species,  as  also  a little  in  its  curvature. 

In  the  other  two  species  the  dorsal 
spine  is  more  complex.  In  the  first 
place,  it  has  in  these  a spine  articulated  to  its  end,  in  reality  a spinous  ray  (PI.  I, 
fig.  2,  /?);  at  the  articulation  are  found  some  small  bony  pieces,  one  on  each  side 
(PI.  I,  fig.  2,  /)  and  one  unpaired  ventrally  (PI.  I,  fig.  2,  t)\  on  these  see  further  p.  56  (18).  In 
the  second  place,  the  spine  is  divided  on  both  sides  in  the  whole  of  its  length  by 
a lateral  suture  into  an  upper  and  a lower  part.  Indications  of  this  longitudinal 
suture  may  sometimes  be  detected 
in  scutata.  It  is  very  natural  to  sup- 
pose that  the  movable  spine  is  a fin- 
ray  and  thus  to  conclude  that  the 
large  dorsal  spine  supporting  it  must 
in  some  way  or  another  represent  an 
interspinous  bone;  this  supposition  has 
been  expressed  by  Gunther;  that  the 
spine  represents  however  2 interspi- 
nous bones  and  the  same  two  inter- 
spinous bones  in  all  the  three  species 
has  not  hitherto  been  recognised;  the 
structure  will  be  more  closely  discussed 

The  dorsal  armour  thus  includes  at  the  same  time  parts  of  the  inner  skeleton, 
namely  parts  of  the  shoulder  girdle  (set  and  cl)  and  parts  of  the  interspinous  bones 
(the  unpaired,  small  anterior  dorsal  plate  in  A.  strigata  and  punctulata,  and  the 
dorsal  spine  in  all  three  species).  That  these  skeletal  parts  may  appear  from  the 

I).  K.  I).  Vulensk.  Selsk.  Skr.,  7.  Rsekke,  nalurviden.sk.  og  inathem.  Afd.  VI.  2.  'J 


later  (see  p.  54  (16)  et  seq.). 


Aiuplusile  punctulata.  bp  outline  of  base  of  pectoral  fin. 
Lettering  otherwise  as  in  PI.  I tig.  1. 
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outside  as  dermal  parts  in  many  other  bony  fishes,  so  that  their  surfaces  seem  to 
be  exoskeletal  for  some  distance,  is  not  unknown;  as  examples  I need  only  men- 
tion Gastrosteiis,  Trigla.  All  the  other  elements  of  the  dorsal  armour  in  Amphisile 
are  purely  exoskeletal.  This  view,  which  is  also  quite  natural,  is  further  supported 
by  the  fact  that  the  lateral  line  courses  through  these  bones. 

The  lateral  line  canal  passes  out  from  the  pterotic  {sq  Tab.  I,  fig.  1)  into 
the  anterior,  lower  corner  of  dorsal  plate  1,  pierces  this  in  an  arch  to  the  poste- 
rior, lower  corner  and  then  further  through  the  succeeding  dorsal  plates,  forming 
a flattened  arch  on  each  from  the  anterior  to  the  posterior,  lower  corner,  and 
finally  running  in  a straight  line  through  the  5th  dorsal  plate  and  from  the  poste- 
rior point  of  this  into  the  ventral  margin  of  the  dorsal  spine.  Here  it  ends  with 
a pore;  in  A.  scntata  almost  in  the  centre  of  the  ventral  aspect;  in  a specimen  of 
striqata  134  mm.  long,  I find  the  end  pore  8 mm.  from  the  articulation  with  the 
movable  spine;  in  piinctulata  the  canal  only  extends  a short  distance  on  the  dorsal 
spine.  On  each  of  the  dorsal  plates  (except  the  first)  I find  a single,  ventral  pore 
close  behind  the  highest  point  of  the  arch.  The  position  of  the  lateral  line  is  thus 
remarkably  near  to  the  dorsal  edge  of  the  body  and  it  has  become  connected  in 
an  extremely  characteristic  manner  with  structures  (sc.  interspinous  bones,  T)  whicli 
do  not  usually  take  part  in  the  lateral  line  system,  perhaps  because  these  struc- 
tures are  here  in  continuation  of  the  main  portion  of  the  body. 

The  peculiar  features  of  the  sutures  in  the  dorsal  armour  must  also  he  men- 
tioned. All  the  connections  between  the  plates  on  the  same  side  of  the  body  are 
provided  with  long  teeth  fitting  into  one  another;  on  the  cross  sutures  these  are 
generally  vertical  to  the  line  of  articulation,  but  in  the  longitudinal  sutures  they 
are  obliquely  placed.  The  lateral  plates  alternate  somewhat  with  the  dorsal  plates 
in  such  a way  that  a short,  anterior  portion  of  the  upper  suture  of  each  lateral 
plate  meets  one  dorsal  plate,  whilst  a longer,  posterior  portion  is  joined  to  the 
next;  on  all  the  short  portions  the  teeth  go  one  way  obliquely  from  in  front  back- 
wards, on  all  the  longer  portions  in  the  opposite  direction,  i.  e.  obliquely  from 
behind  forwai'ds.  The  only  simple  sutures  are  those  in  the  middle  line  of  the 
dorsum,  the  connection  between  lateral  plate  I and  the  supraclavicle  and  further 
the  longitudinal  suture  on  the  dorsal  spine  in  the  two  species  where  a movable 
spinous  ray  is  found. 

All  the  plates  of  the  dorsal  cuirass  as  well  as  the  true  skeletal  parts  united 
to  them  show  a characteristic  sculpture.  On  most  we  find  rounded  longitudinal 
strice,  which  are  again  connected  by  numerous,  short,  irregular  cross-lines,  forming 
together  I’ounded  pits;  wherever  the  margins  form  jagged  sutures,  groups  of  stronger 
striJE  radiate  out  in  the  direction  of  the  teeth  from  a spot  in  the  upper  half  of 
the  plate,  but  almost  at  an  equal  distance  from  the  posterior  and  anterior  margins. 
On  some  plates,  e.  g.  the  dermal  part  of  the  clavicle,  the  pitted  sculpture  is  predo- 
minant, and  the  longer  striae  scarcely  occur;  on  the  other  hand,  the  longitudinal 
striae  are  predominant  on  the  dorsal  spine.  The  lateral  plates  become  very  thin 
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towards  the  ventral  margin  and  the  ribbed  arrangement  of  the  sculpture  more 
open  and  irregular. 

The  bones  of  the  cranium  are  also  sculptured,  like  those  of  the  dorsal  cuirass. 

The  ventral  cuirass  consists  of  a row  of  14  (sometimes  13  or  15)  large, 
regular  plates,  the  lowermost  part  of  which  forms  the  above-mentioned,  thin, 
transparent  edge.  The  anterior  ventral  scutum  is  in  part  covered  by  the  preoper- 
culum. In  A.  scutata  the  scuta  4—  14  have  a narrow,  thickened,  more  solid  stripe 
or  rachis,  / fig.  1 PI.  I,  which  arises  at  the  upper  margin  of  the  transparent  keel 
and  forms  above  a prominent  Hat  projection  on  the  upper  edge  of  the  scale;  the 
stripes  on  the  5th  and  6th  scuta  are  placed  obliquely,  diverging  above,  on  the 
other  plates  they  are  vertical ; on  the  three  posterior  scuta  they  do  not  reach  the 
margin  of  the  dorsal  cuirass.  No.  5 is  the  largest  of  all  the  plates;  between  its 
upper,  anterior  corner  and  the  clavicula  we  find  a small,  separate  plate  (s),  which 
at  first  glance  seems  to  be  a somew'hat  widened  upper  part  of  the  rachis  on  the 
5th  ventral  plate.  No.  1 is  of  fairly  good  size,  longer  than  the  two  following;  2, 
3,  13  and  14  (15)  are  the  smallest. 

The  ventral  fins  are  inserted  into  the  8th  plate.  This  holds  good  also  for  the 
other  species;  in  these  likewise  the  ventral  plates  5 — 14  are  provided  with  a rachis 
as  in  scutata-,  but  no.  4 lacks  this  completely  or  has  only  a slight  indication  of  it; 
the  5th  plate  is  not,  or  not  appreciably,  larger  than  the  6th  and  has  thus  nothing 
moi'e  remarkable  about  it  in  comparison  with  the  others  than  the  oblique,  posteri- 
orly inclined  rachis  (cf.  fig.  2,  3);  the  upper  end  of  the  latter  in  these  species  is 
also  continued  into  a rachis  for  a small,  separate  plate  (s),  which  forms  the  con- 
nection with  the  clavicle,  but  this  plate  is  here  considerably  larger  than  in  scutata. 
The  anterior  plate  no.  1 is  shorter  than  in  the  latter  species,  not  or  but  little  longer 
than  2 and  3,  and  is  thus  covered  as  a rule  completely  or  almost  completely  by 
the  preoperculum;  nos.  2,  3,  12 — 14  are  the  smallest;  also  in  these  species  the 
rachides  of  the  posterior  plates  do  not  reach  to  the  dorsal  cuirass. 

When  the  number  of  the  ventral  plates  is  increased  to  15,  a plate  is  added 
posteriorly  in  front  of  the  anal  plate;  when  the  number  is  reduced  to  13,  the  two 
penultimate  plates  are  fused  together. 

It  is  difficult  to  determine  with  certainty  whether  the  14  ventral  plates  are 
paired  or  unpaired  formations  — recalling  in  the  latter  case  the  ventral  scales  of 
the  herring.  The  8th  plate  can  obviously  be  divided  into  a right  and  a ventral 
part,  at  least  from  the  place  where  the  ventral  fins  are  fixed  and  the  pelvic  region 
protrudes  on  the  ventral  margin;  we  also  find  in  most  of  the  specimens  of  all  3 
species,  that  the  posterior,  14th,  plate  is  paired,  as  its  two  sides  tend  to  separate 
from  one  another  (without  preparation)  and  thus  the  sharp,  ventral  margin  appears 
divided.  But  all  the  others  appear  in  fact  unpaired,  the  two  sides  of  each  plate 
being  united  to  the  thin  ventral  keel ; it  has  at  any  rate  been  impossible  for  me 
to  separate  this  into  two  lateral  halves  by  maceration  or  by  the  use  of  potash. 
The  marginal  part  of  the  transparent  keel  consists  of  a very  hard,  dense  and  firm, 
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shining  substance,  obviously  of  the  same  nature  as  the  rachides.  This  is  readily 

seen  on  holding  a specimen  up  against  the  light,  and  on  drying  this  part  stands 

out  wdth  a distinct  boundary  line  against  the  remainder  of  the  scale.  If  alizarin 
is  used,  only  this  part  becomes  red  along  with  the  rachides  of  the  ventral  plates 
as  also  all  the  plates  of  the  dorsal  cuirass  and  all  the  skeletal  parts  — with  excep- 
tion of  a part  (though  not  the  margin)  of  the  preoperculum,  which  assumes  a 
yellowish  tinge  like  the  rest  of  the  ventral  plates.  Likewise  coloured  red  are  some 
very  fine  lines  which  radiate  out  horizontally  on  each  side  from  the  lowest  point 

of  the  rachides,  specially  distinct  on  the  scuta  in  front  of  the  ventral  fins.  These 

red-coloured  parts  are  obviously  ordinary  bony  substance,  which  is  always  coloured 
red  by  alizarin.  The  rachides  and  the  faint  lines  connected  with  them  seem  to 
me  to  correspond  to  the  almost  similarly  situated  rachides  on  the  ventral  scales  in 
Centrisciis.  And  it  seems  reasonable  to  suppose  that  the  dense  marginal  parts  of 
the  plates  in  Amphisile  represent  the  unpaired  ventral  plates  in  Centriscus,  which 
all  have  an  often  fairly  high,  compressed  keel. 

The  first  ventral  plate  in  Amphisile  may  with  a good  deal  of  certainty  be 
regarded  as  in  reality  unpaired;  this  applies  very  probably  also  to  nos.  2 and  3; 
but  it  is  possible  that  4 — 7 have  been  formed  by  fusion,  each  of  a pair  of  lateral 
plates  and  an  unpaired  keel  plate;  similarly  the  8th  with  a short  keel  plate,  in 
front  of  the  ventral  fins,  and  also  the  others  with  exception  of  the  last.  It  is 
certainly  against  this  view  that  just  the  last,  quite  indisputably  paired  plate  also 
has  a denser,  ventral  marginal  part  and  further,  that  the  unpaired  keel  plates  in 
Centriscus  alternate  with  the  paired  ventral  plates.  The  possibility  cannot  be  ex- 
cluded therefore,  I think,  that  (with  exception  of  the  first  ventral  plate)  all  the 
unpaired  elements  corresponding  to  the  keel  jilates  in  Centriscus  have  fallen  out  in 
Amphisile,  whilst  the  paired  ventral  plates  corresponding  to  the  paired  in  Centriscus 
have  become  greatl}^  developed  and  fused  together  ventrally.  Lastly,  there  is  a 
third  possibility,  that  it  is  just  the  unpaired  keel  plates  of  Centriscus  which  have 
developed  so  much  in  Amphisile,  whilst  the  paired  ventral  plates  have  disappeared 
with  exception  of  the  small  scutum  s under  the  anterior  edge  of  the  clavicle,  which 
has  its  definite,  demonstrable  homologue  in  Centriscus. 

I may  add  further  regarding  the  structure  of  the  ventral  plates,  that  they  are 
smooth,  without  sculpture;  the  greater  portion,  excluding  the  parts  coloured  red 
by  the  alizarin,  is  fairly  soft  though  tough  and  dense  and  does  not  seem  therefore 
to  he  a true  bony  tissue;  it  does  not  dissolve  however  in  potash,  which  completely 
isolates  the  ventral  plates  from  the  dense  connective  tissue  of  the  skin;  under  the 
microscope  it  shows  very  similar,  fine  concentric  lines  of  growth  to  those  known 
in  the  scales  of  most  bony  fishes.  The  ventral  plates  are  not  articulated  by  sutures 
but  overlap  each  other  ventrally,  whilst  their  margins  touch  higher  up.  In  the  6 
ventral  plates  which  lie  behind  the  pectoral  fins  the  rachides  reach  up  to  the 
lower  margin  of  the  dorsal  cuirass  or  sometimes  in  under  this.  The  upper  parts 
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of  the  rachides  are  considerably  longer  in  A.  strigata  and  punctulata  than  in 
scutata  * h 

Endoskeleton, 

The  vertebral  column  (cf.  PI.  II,  fig.  1)  is  formed  of  20  vertebrae;  of  these 
I count  8 as  abdominal  vertebrae,  12  as  caudal.  Of  the  abdominal  vertebrae  the 
first  6 are  much  elongated,  especially  the  2nd  to  the  fifth;  the  2nd,  3rd  and  4th 
are  each  almost  as  long  as  the  rest  of  the  vertebrae  together,  so  that  the  elongated 
region  is  nearly  four  times  as  long  as  the  whole  of  the  remainder.  In  a small 
specimen  of  A.  strigata  the  measurements-  are  approximately  as  follows: 


length  of  the  whole  column ca.  47  mm. 

- body  of  1st  vertebra 3 5 — 

_ - — - 2nd  — 7 — 

_ . __  - 3rd  — 8 — 

_ _ _ .4th  — 8 — 

_ . _ . 5th  — 6-5  — 

_ . _ - 6th  — 4 — 

— - elongated  part,  thus 37  0 — 

— - posterior  14  vertebrae  together ca.  10  0 — 

In  a (medium-sized)  specimen  of  A.  sciitata  the  measurements  were: 
length  of  the  whole  column ca.  52  mm. 

— - body  of  1st  vertebra 3‘5  — 

— - — - 2nd  — 8 — 

_ . _ .3rd  — 9-5  — 

— - — - 4th  — 9 — 

— . _ - 5th  — 7-5  — 

_ . _ . 6th  — 3-5  - 

— - elongated  part,  thus 41  — 

— - posterior  14  vertebrae ca.  11  — 


Vertebral  a r dies.  Tbe  arch  of  the  first  vertebra  is  quite  low,  simple; 
from  its  posterior  margin  projects  a long,  thin  spinous  process,  which  rests  for  a 
long  distance  on  a part  of  the  upper  margin  of  the  next  vertebral  arch;  its  poste- 
rior point  reaches  almost  to  the  centre  (in  scutata)  or  a good  bit  behind  the  centre 
[strigata)  of  the  following  vertebra.  True  transverse  processes  are  lacking  on  the 
first  vertebra,  but  a short,  thick  lateral  process  on  each  side  under  the  anterior 
margin  of  the  arch  forms  an  articulation  with  a corresponding  pit  in  the  exocci- 
pital  and  can  possibly  be  regarded  as  an  articular  process.  On  the  following 
vertebrae,  2 — 17  inclusive,  the  arch  is  divided  into  an  anterior  (PI.  II,  fig.  1,  a)  and 
a posterior  (6)  part,  situated  respectively  over  the  anterior  and  posterior  part  of 
the  centrum;  the  spinous  process  arises  from  the  posterior  part  of  the  arch  and 

'■'■1  This  and  the  succeeding  notes,  marked  with  niimhers,  will  be  found  later  after  the  description 
of  Centriscus 
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rests  on  the  upper  margin  of  the  anterior  part  of  the  succeeding  vertebral  arch. 
On  the  very  long  vertebra?  2 — 5 the  arch  is  quite  low,  especially  in  A.  strigata, 
where  the  spinous  processes  of  this  region  lie  almost  horizontally,  pressed  against 
the  arches;  in  this  species  the  spinous  processes  are  likewise  longer  than  in  scutata 
(in  strigata  the  process  on  the  1st  vertebra  reaches  posteriorly  almost  to  the  anterior 
margin  of  the  3rd  vertebra,  that  on  the  2nd  vertebra  to  the  4th  vertebra  and  so 
on).  On  the  6th  vertebra  only  tbe  hnterior  part  is  elongated;  tbe  two  parts  of  the 
arch  are  therefore  close  to  one  another  (especially  in  strigata).  From  the  7th 
vertebra  the  common  vertebral  form  in  fishes  appears;  on  the  7th  the  anterior 
and  posterior  parts  of  the  arch  are  separated  by  a narrow,  but  bigh  groove;  on 
tbe  8tb  tbe  groove  between  the  two  parts  of  the  arch  is  quite  short,  on  the  9th  it 
reaches  right  in  to  the  centrum;  posteriorly  the  anterior  part  of  the  arch  gradually 
assumes  the  form  of  a large  “articulating  process”;  on  the  18th  vertebra  it  can 
baldly  be  seen. 

Tbe  transverse  process,  as  mentioned,  is  lacking  on  tbe  1st  vertebra;  they  are 
present  however  on  the  2nd— 6th  and  developed  in  the  form  of  long  lamellar 
projections  for  connection  with  the  lateral  plates  of  the  dorsal  cuirass  (cf.  text- 
fig.  1).  The  transverse  process  on  the  2nd  is  prolonged  forwards  beyond  tbe  hind 
end  of  the  1st  vertebra;  jiosteriorly  it  is  connected  by  a kind  of  suture  with  the 
anterior  end  of  the  next  transverse  process.  Opposite  the  centre  of  the  body  of 
tbe  vertebra  there  is  a somewhat  thicker,  middle  part  (or  axis),  which  corresponds 
in  position  to  the  interspace  between  2 scuta;  behind  this  axis  there  is  a deep 
incision  for  the  spinal  nerve  (fig.  1,  n).  The  front  part  of  the  transverse  process 
tits  into  the  double  lamella  on  the  inner  side  of  the  1st  lateral  plate,  the  hind 
part  into  the  lamella  on  the  next  plate;  the  connections  between  the  lateral  plates 
and  the  transverse  processes  on  the  3rd  and  4lh  vertebrie  are  arranged  in  a similar 
manner,  the  processes  having  the  same  structure  as  on  the  2nd;  further,  the  part 
of  the  5tli  vertebra’s  transverse  process  lying  in  front  of  the  outlet  for  the  nerves 
is  also  inserted  into  the  lamella  on  the  4th  lateral  plate,  but  the  posterior  part  of 
this  transverse  process  as  also  the  transverse  process  on  the  6th  vertebra  is  only 
joined  by  connective  tissue  to  the  5th  lateral  plate,  which  has  no  lamella  in  scutata 
but  a low  one  in  strigata.  As  can  be  seen  from  fig.  1,  the  6th  vertebra  is  of  a 
different  ])attern  from  tbe  preceding  2 — 5;  only  the  part  lying  in  front  of  the  hour- 
glass shaped  constriction  of  the  vertebra  is  j)rolonged  and  only  the  corresponding 
part  of  the  transverse  process  in  front  of  the  nerve  outlet  is  lamellar-like;  the  part 
hehind  this  is  more  in  the  shape  of  a process.  The  bodies  of  these  6 long  vertebrje 
are  quite  distinctly  of  the  typical  hour-glass  shape,  most  modified  in  the  1st  and 
6th,  where  in  the  former  case  the  anterior  part  of  the  hour-glass  is  quite  short,  in 
the  latter  the  posterior  part. 

The  vertebrae  7 — 13  (see  PI.  II,  fig.  1)  bear  lateral  outgrowths  in  a similar 
position  to  the  lamellar  processes  above  described;  but  they  only  spring  from  the 
anterior  half  of  the  vertebra;  they  are  triangular  in  shape,  directed  obliquely 
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forward  and  somewhat  downward  and  serve  as  base  of  attachment  for  powerful 
tendons  in  the  musculature  which  moves  the  tail.  The  posterior  vertebrae  have 
very  indistinct  traces  of  these  processes.  Lower  arches  representing  probably  the 
true  transverse  processes  are  also  present  on  the  vertebrae  from  the  7th;  on  the 
7th  and  8th  the  lower  arch  is  quite  short,  almost  ring-shaped,  surrounding  the 
large  blood  vessels;  on  the  9th  vertebra  the  arch  begins  to  be  greatly  prolonged 
downwards,  forming  an  inferior  spine;  for  this  reason  1 count  this  as  the  first 
caudal  vertebra.  Between  the  spinous  process  on  the  second  last  caudal  vertebra 
and  the  urostyle  on  the  last  we  find  in  A.  strigata  2 independent  skeletal  parts, 
one  between  the  very  broad,  lower  spinous  process  on  the  second  last  vertebra 
and  the  broad  hypural  bone  on  the  last;  in  A.  scutata  I find  one  piece  at  each  of 
the  corresponding  places. 

Ribs  are  quite  wanting. 

In  tbe  vertebral  column  the  whole  anterior  part  formed  by  the  6 elongated 
vertebrae  is  stiff,  immovable;  the  connection  with  the  cuirass  would  alone  prevent 
movement;  with  this  agrees,  that  the  transverse  processes  are  suturally  connected 
with  one  another,  whilst  the  corpora  of  the  vertebrae  are  simply  juxtaposed  just 
as  in  movable  vertebrae. 

Interspi nous  bones.  1.  Of  the  dorsal  fins  (Tab.  II,  fig.  1).  To  each  of  the 
first  4 vertebrae  corresponds  an  interspinous  bone,  which  is  placed  close  to  the 
anterior  face  of  the  spinous  process  of  the  vertebra.  There  are  no  interspinous 
bones  for  the  5th  and  6th  vertebrae,  but  interspinous  bones  again  appear  in 
front  of  the  spinous  processes  of  the  vertebrae  7 — 10.  Between  the  vertebrae 
10  and  11  there  are  2,  also  between  11  and  12,  12  and  13;  between  13  and  14 
there  is  1,  the  hindmost"^. 

Some  notes  may  be  given  on  the  4 members  of  the  first  group.  The  first 
(PI.  II,  fig.  1,  1)  forms  a vertical  plate  in  front  of  the  spinous  process  and  with  its 
somewhat  widened  upper  border  reaches  to  the  inner  surface  of  the  cuirass  in 
A.  scutata:  in  the  other  two  species  this  upper  border  is  wider  still  and  shows  itself 
externally  in  the  middle  line  of  the  dorsum  as  the  previously  mentioned  small 
unpaired  dorsal  plate;  behind  the  point  of  the  spinous  process  the  interspinous 

* This  is  the  condition  I find  both  in  A.  scutata  and  in  the  specimen  examined  of  A.  striyata, 
which  was  provided  with  3 spines  behind  the  dorsal  spine;  of  these  liowever  only  the  first  two  were 
noticeable  from  the  outside.  Two  noticeable  spines  are  most  probably  the  normal  for  the  species 
strigata;  but  1 believe  1 could  detect  a short  3rd  on  several  specimens,  hidden  in  the  soft  parts,  closely 
pressed  to  the  peculiar,  rayless  interspinous  bone  (*  in  PI.  11,  fig.  1),  the  cartilage  of  which  is  fused  to 
the  one  which  bears  the  first  ray  of  the  2nd  dorsal  fin;  1 imagine  therefore  that  most  specimens  will 
be  as  described,  thus  agreeing  with  scutata  which  has  normally  3 apparent  spines.  More  spines  can 
sometimes  be  found  however  in  strigata;  I have  before  me  a specimen  from  Amboina  with  4 apparent 
spines,  of  which  the  two  following  on  the  dorsal  spine  are  thin  and  fine,  the  next  two  of  the  usual 
form,  with  lancet-like,  compressed  point.  In  A.  punctulata  there  are  two  apparent  spines,  as  is  usual 
in  strigata;  if  it  should  prove  — which  I have  not  been  able  to  determine  — that  there  is  another 
hidden  spine,  the  above  account  will  hold  good  generally  for  the  genus  Amphisile. 
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bone  runs  out  into  a fine  point  which  reaches  to  above  the  articulation  between 
the  2nd  and  3rd  vertebrae. 

The  second  interspinous  hone  is  somewhat  in  the  form  of  a T (PI.  II,  fig.  1,  2); 
a thin  stem  lies  in  front  of  the  spinous  process  of  the  2nd  vertebra,  a shorter, 
anterior  T-arm  towards  the  preceding  interspinous  hone,  which  however  it  does 
not  quite  reach,  and  a longer  posterior  arm  which  reaches  to  above  the  proximal 
end  of  the  next  interspinous  bone.  In  A.  strigata,  where  the  spinous  processes  are 
pressed  against  the  neural  arches,  the  stem  and  the  anterior  r-arm  are  almost  in 
contact  with  one  another. 

The  interspinous  hones  3 and  4 are  much  stronger,  especially  4;  they  are  on 
the  whole  the  strongest  of  all  the  interspinals  and  appear  remarkably  heavy  in 
proportion  to  the  thin  spinous  processes  on  which  they  rest;  only  the  proximal 
part  of  each  is  seen  distinctly  and  is  for  the  most  part  rod-shaped,  the  remaining 
part  of  both  is  included  in  and  concealed  in  the  large  dorsal  spine.  In  all  the 
interspinous  bones  mentioned  as  well  as  in  those  to  be  described  below,  there  is 
a cartilaginous  axis  through  the  stem;  it  is  specially  thick  in  these  two,  3 and  4. 
If  a cartilage  stain  is  used  (methyl-green)  we  can  follow  the  cartilaginous  axis  of 
these  two  in  A.  sciitata  almost  to  the  end  of  the  large  dorsal  spine  (cf.  PI.  II,  fig.  1). 
It  is  thus  certain  that  in  /I.  scutata  the  spine  represents  two  interspinous  bones,  3 
and  4.  The  same  is  the  case  in  the  other  two  species,  but  here  the  double  nature 
is  also  visible  externally  in  the  already  described  longitudinal  suture  or  groove 
which  divides  the  spine  into  an  upper  and  a lower  part  (cf.  PI.  I,  fig.  2). 
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Fig.  4. 

Ainpliisile  striqaSa  I’nrt  of  llic  intorspinous  bones  H and  1.  ii/,  W llie  l)lade-like  portions  of 
the  l)ones;  hV  anterior,  hi  |)osterior.  o situation  of  llie  Musculus  erector,  h of  tlie  M.  depressor 

for  the  spinous  ray. 


Closer  investigation  of  the  interspinous  bones  3 and  4 shows,  that  their  struc- 
ture differs  greatly  from  the  usual  type  more  in  apjtearance  than  in  reality.  The 
latter  is  generally  described  as  dagger-shaped,  the  laterally  compressed  blade  having 
on  each  side  a raised  longitudinal  keel  or  ridge,  separating  the  anterior  muscles 
(M.  anterior  s.  erector)  from  the  posterior  muscles  (M.  posterior  s.  depressor)  of  the 
ray  and  at  the  same  time  enlarging  the  surface  of  attachment  of  the  muscles; 
through  the  centre  of  the  spine  runs  generally  a rod-like  cartilaginous  axis.  A 
glance  at  Text- fig.  4 A.  strigata  will  show  (the  same  can  be  seen  though  less 
distinctly  in  fig.  1,  PI.  II  of  A.  scutata),  that  the  blade  part  bl  is  present  lying  fairly 
close  behind  the  point  of  the  spinous  process  to  which  these  interspinous  bones 
are  attached;  on  3 however,  only  the  posterior  part  of  the  blade  bl  is  present;  the 
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hind  margin  of  this  is  joined  to  the  front  margin  of  the  blade  bV  of  4 (a  similar 
condition  is  also  found  in  many  other  bony  fishes  between  more  or  fewer,  some- 
times all  the  interspinous  hones);  on  the  other  hand,  the  hind  margin  of  the 
posterior  part  of  the  4th  interspinous  bone  is  not  in  contact  with  any  following 
interspinal.  In  the  remaining,  distal  part  the  usual  interspinal  form  is  now  greatly 
altered;  the  longitudinal  keels  (i.  e.  the  continuation  of  the  rod-like  proximal  part) 
extend  out  in  both  into  the  skin  and  there  broaden  out  so  as  to  be  mutually  in 
contact  and  form  the  previously  mentioned  longitudinal  suture  (in  scuiata  this 
disappears  through  fusion);  on  4,  further,  the  broadened  part  bends  round  and 
fuses  with  the  hind  (ventral)  margin  of  the  blade  bl.  In  this  way  the  bed  both 
for  the  anterior  and  posterior  muscles  of  the  spinous  ray  which  is  articulated  to 
the  dorsal  spine  is  covered  over.  The  dorsal  spine  thus  comes  to  enclose  two 
canals,  an  upper  (anterior)  and  a lower  (posterior)  on  each  side;  these  canals  are 
very  narrow  but  contain  in  the  greater  part  of  their  length  only  the  long  thin 


Ainphisile  scuiata.  Cross-section 
through  the  dorsal  spine.  3:  third 
interspinous  hone,  b its  cartilagi- 
nous axis;  4:  fourth  interspinous 
bone,  b’  its  cartilaginous  axis;  o; 
canal  for  tendon  of  M.  erector,  n 
for  M.  depres.sor;  s:  canal  for  lateral 
line. 


Centrisciis  scolopax.  Cross-seclion 
of  the  upper  ends  of  interspinous 
l)ones  3 and  4.  Letters  as  in  fig.  5. 
Dotted  lines  indicate  circumference 
of  the  parts  which  would  bring 
about  agreement  with  the  condition 
in  Amphisile.  3 and  4,  Cross-section 
of  longitudinal  keels  on  the  3rd  and 
4th  interspinous  hones. 


tendons  of  the  respective  muscles;  the  muscles  themselves  chiefly  occupy  the  space 
indicated  by  a and  b (which  is  covered  over  outwardly  by  the  dermal  armour)  and 
extend  only  a short  distance  into  the  beginning  of  the  canals.  On  transparent 
specimens  of  A.  strigata  the  muscles  can  be  seen  quite  distinctly  without  preparation 
under  the  exoskeleton.  The  cross-section  (fig.  5)  will  possibly  show  the  main  cha- 
racteristics better  than  any  further  description.  It  shows  how  the  upper  canal  (o) 
is  formed  by  both  of  these  interspinous  hones,  whilst  the  lower  (n)  is  only  formed 
by  the  4th.  Fig.  6 shows  for  comparison  a cross-section  through  the  upper  part  of 
the  two  corresponding  interspinous  bones  in  Centriscus  scolopax,  and  gives  an  indi- 
cation of  the  bony  parts  which  could  produce  the  condition  characteristic  for 

D.  K.  I).  Vklensk,  .Selsk.  Skr.  7.  Ra;kke,  naturvklensk.  og  iiiathein.  AkI.  VI.  2. 
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Amphisile.  Fig.  5 is  of  A.  sciitata  in  which  the  movable  spinous  ray  is  lacking  and 
the  muscles  belonging  to  it  being  superfluous  are  atrophied;  but,  in  the  main 
features,  even  down  to  details,  the  cross-section  agrees  with  that  of  strigata,  except 
that  in  the  latter  the  line  of  division  between  the  two  fused  interspinous  hones  is 
much  more  distinct;  in  several  cross-sections  it  is  only  seen  right  in  the  middle 
between  the  two  upper  canals,  sometimes  also  on  the  one  or  the  other  side;  it  is 
thus  made  somewhat  more  distinct  in  the  figure  than  it  usually  appears  in  this 

species.  This  figure  also  shows 
that  the  bony  mass  of  the  dor- 
sal spine  has  quite  a complicated 
structure  which  I have  not  suc- 
ceeded in  fully  clearing  up;  it 
is  clear,  however,  that  the  peri- 
pheral portion  of  the  bony  mass 
does  not  belong  to  the  interspi- 
nous  hones  themselves  but  arises 
from  the  exoskeleton;  this  is  shown,  amongst  other  things,  by  the  fact  that  the 
canal  for  the  lateral  line  (see  fig.  5)  is  enclosed  in  the  dorsal  spine.  The  statement 
made  above  that  “the  longitudinal  keel  of  the  interspinous  bones  broadens  out  in 
the  skin”  must  therefore  be  taken  with  some  reservation. 

Considering  now  the  upper  end  of  the  dorsal  spine  and  its  connection  with 
the  movable  spinous  ray  in  A.  strigata  (fig.  7)  and  punctiitata,  we  find  that  there  is 
no  ray  to  the  intersjiinous  hone  3;  the  spinous  ray  is  attached  to  4.  The  lower 
end  of  the  spine  is  cleft  and  sits  on  the  upper,  wedge-shaped 
end  of  this  interspinal  (fig.  8);  on  each  of  the  lateral  surfaces 
of  the  wedge  we  find  a series  of  5—6  concentric,  half-circular, 
very  sharply  marked  ridges  (figs.  8,  9);  into  these  fit  very 
exactly  corresponding  ridges  on  the  inner  surface  of  the  cleft 
of  the  spinous  ray.  This  arrangement  excludes  all  other  kinds 
of  movement  than  one  in  a vertical  plane,  hut  on  the  other 
hand  makes  the  joint  unusually  firm  and  steady;  the  joint  is 
further  supported  by  the  small  plate  / (fig.  7)  which  covers 
both  sides  of  the  end  of  the  interspinous  bone  and  a part  of  the  base  of  the  ray. 
On  the  side  of  this  plate  which  covers  the  ray  we  find  some  slightly  raised,  circular 
ridges  and  others  corresponding  to  these  are  seen  on  the  outer  surface  of  the  base 
of  the  ray.  The  angle  through  which  the  ray  can  move  is  not  very  large;  in  an 
upward  direction  the  ray  can  only  turn  until  it  is  almost  in  line  with  the  dorsal 
spine,  downwards  so  far  that  it  lies  almost  parallel  to  the  small  spine  t (fig.  7).  It 
is  probable  that  the  fish  can  at  will  fix  the  spinous  ray  immovably  at  any  point 
between  these  limits;  the  joint  is  indeed  of  the  same  type  as  the  corresponding 
articulation  in  Centriscus,  where  W.  Souensen  (32;  has  distinguished  it  as  a “stop- 
joint”. 
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Fig.  8. 

Ampli.  siritjata,  Iliiul  end 
ol'(lorsal  spine,  seen  from 
below;  spinous  ray  and 
spinous  piece  I (fi;'.  7) 
removed;  o:  openinf;  for 
exit  ()f  tendon  to  M.  de- 
l)ressor  of  spinous  ray  li. 


Amphisile  stri()al(i.  End  ot  the  dorsal  spine  with  spinous  ray  li, 
lateral  bony  piece  / and  spinous  piece  t.  The  dotted  lines  indicale 
Ihe  position  of  the  muscular  tendons. 
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The  tendon  of  the  elevating  muscle  (M.  anterior  s.  erector)  passes  out  between 
the  ends  of  the  interspinous  bones  3 and  4 and  is  attached  to  the  base  of  the  ray 
above  the  cleft;  the  tendon  for  the  flexor,  M.  posterior  s.  depressor,  passes  out 
through  a separate  opening  on  the  under  side  of  the  interspinal  4 (see  fig.  8),  but 
is  covered  below  by  the  broadened  base  of  the  plate  t;  the  tendon  is  attached  to 
a small  process  at  the  base  of  the  ray.  Fig.  8 shows  this  part  of  the  interspinous 
bone  4 seen  from  below.  The  end  of  this  is  hollowed  out,  spoon-shaped  on  the 
under  surface;  at  the  bottom  of  the  spoon  opens  the 
canals  for  the  depressor  muscles;  to  its  margin  is  apposed 
the  margin  of  the  spinous  piece  t;  the  tendon  passes  out 
to  the  ray  between  this  and  the  interspinous  bone. 

In  A.  scutata  the  various  parts  composing  the  spine 
have  become  unrecognisable  through  fusion;  not  only, 
further,  is  an  articulated  spinous  ray  wanting,  but  also 
the  special  pieces,  lateral  plate  / and  the  spinous  piece  t 
which  are  present  at  the  joint  in  the  other  two.  Whether  HhkI  end  oi  dorsal 

^ Spine,  seen  from  the  side.  5,  4 

the  spinous  ray  and  the  other  parts  have  simply  fallen  inlers|)inoiis  hones  3 and  ; spinous 

out  in  scutata,  or  have  fused  in  rudimentary  form  into 

the  point  of  the  dorsal  spine  must  be  left  unsettled.  The 

extreme  end  of  the  dorsal  spine  seems  to  me  very  variable  both  in  outer  form  and 
inner  structure;  in  some  specimens  the  cartilaginous  axis  may  be  detected  almost 
right  to  the  tip,  in  others  the  last  1 — 2 mm.  consists  solely  of  bony  substance, 
reminding  one  of  the  spinous  ray  in  the  other  species.  To  this  must  be  added, 
that  Hilgendorf  (17;  in  specimens  from  New  Britain  has  found  a small  spine 
under  the  tip,  ca.  1 mm.  from  this,  obviously  the  same  small  spinous  piece  t 
which  is  characteristic  of  the  other  two  species.  I may  mention  that  Hilgendorf 
considers  these  specimens  as  a special  species,  which  he  calls  A.  fmschii. 

In  the  second  group  of  interspinous  bones  (cf.  PI.  II,  fig.  1,  .5,  6,  7),  the  three 
which  are  placed  in  front  of  the  spinous  processes  7,  8 and  9 are  long  and  thin 
and  extend  as  stays  through  the  membrane  of  the  first  dorsal  fin ; in  scutata  all 
three,  in  strigata  the  two  seen  externally,  have  a distal  compressed  part  more  or 
less  lancet-shaped  (but  the  form  is  not  ver}^  constant).  These  stays  have  hitherto 
been  generally  regarded  as  spinous  rays,  both  by  the  few  authors  who  have  seen 
that  they  extend  right  in  between  the  spinous  processes,  and  by  the  majority  who 
have  kept  to  the  outward  appearance.  With  a cartilage  stain  or  simply  under  the 
microscope  the  cartilaginous  axis  can  be  seen  running  out  more  or  less  to  the  tip; 
as  far  as  the  cartilage  reaches,  at  any  rale,  there  can  be  no  talk  of  anything  but 
interspinous  bones,  but  the  condition  in  Centriscus  (see  later)  seems  to  indicate 
that  the  hard,  shining  and  solid  lancet-point  beyond  the  cartilage  may  be  regarded 
as  a short  spinous  ray  fused  with  the  interspinous  bone. 

The  interspinous  bone  in  front  of  the  spinous  process  10  has  no  ray  (fig.  1, 
PI.  II);  proximally  it  has  the  same  appearance  as  the  foregoing,  but  distally  it  ends 
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Fig.  9. 
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in  a fairly  large  cartilage;  this  is  fused  to  the  cartilaginous  ends  of  the  succeeding 
interspinals.  All  the  interspinous  bones  so  far  mentioned  are  unisegmented;  the 
succeeding  which  support  the  rays  of  the  2nd  dorsal  fin  are  bisegmented,  but  their 
distal  joint  is  cartilaginous.  These  interspinous  bones,  whose  arrangement  between 
tbe  spinous  processes  was  described  above,  have  the  usual  form  but  end  distally 
in  cartilage;  so  far  as  I could  see,  the  cartilaginous  ends  are  fused  into  one  com- 
pressed plate  in  the  whole  group;  but  to  this  plate  are  articulated  separate,  terminal, 
short  cartilaginous  pieces  which  are  enclosed  in  the  base  of  the  rays. 

2.  Interspinous  bones  of  the  anal  fin.  These  are  10  in  number.  Tbe 
first  lies  in  A.sciitata  with  its  proximal  end  between  the  haemal  spines  of  the  10th 
and  11th  vertebrae;  the  following  3 lie  between  the  tips  of  the  haemal  spines  11 
and  12,  the  next  3 between  12  and  13,  the  following  2 between  13  and  14  and  the 
last  close  behind  the  tip  of  14. 

The  first  interspinous  bone  is  larger  and  broader  than  the  others;  it  is  con- 
nected with  the  first  two  rays  (but  is  certainly  single,  as  it  has  but  one  cartilagi- 
nous axis);  the  hindmost  is  short,  broad  distally  and  in  connection  with  the  two 
posterior  rays;  otherwise  each  interspinous  bone  corresponds  to  one  ray,  but  alter- 
nate somewhat  in  position  with  these.  All  the  interspinous  bones  are  distally 
cartilaginous.  The  cartilaginous  parts  are  closely  united,  but  ([uite  clearly  not 
fused;  they  support  a small,  terminal  cartilaginous  piece  for  each  ray  and  are  thus 
bisegmented  2. 

Tbe  rays  in  tbe  2nd  dorsal  fin  are  all  simple,  non-articulated,  as  also 
in  the  anal  in  sciitata  and  strigata;  in  piinctnlala  on  the  other  hand  I find  that 
some  few  of  the  rays  in  the  anal  fin  are  provided  with  a single  or  a few  joints. 

The  rays  of  the  caudal  fin  are  the  same  in  all  3 species;  only  the 
uppermost  and  the  lowest  small,  supporting  rays  as  also  the  uppermost  and  the 
lowest  of  the  long  rays  are  unjointcd,  all  the  others  are  distinctly  jointed.  The 
number  of  rays  in  the  unpaired  fins  I find  in  my  material  to  be:  A.  scutata:  D. 
3/10-12;  C.  1 -i  4-f  5 -L  1"^  A.  12—13.  A.  strigata  : D.  3/10—11;  C.  1 + 4 -f  5 + 1 ; 
A.  11-12.  A.  punctutata:  310—11;  C.  1 + 4 4-5+1;  A.  12. 

Tbe  cranial  skeleton.  The  skull  in  agreement  with  the  whole  form  of 
the  fish  is  narrow  and  compressed.  The  most  striking  characteristics  are  the  great 
prolongation  of  the  snout  and  the  development  of  a part  of  the  preopercular  to 
form  a high,  thin,  transparent  plate  which  covers  the  anterior  part  of  the  ventral 
margin  of  the  trunk  under  and  in  front  of  the  gill-cover. 

Viewed  from  above  tbe  only  bones  of  the  skull  to  be  seen  are  the  supraocci- 
pital,  the  frontals,  nasals,  mesethmoid  and  the  vomer.  The  mesethmoid  is  almost 
completely  covered  by  the  anterior  ends  of  the  frontals  so  that  only  a very  small 
part  of  it  is  visible;  the  supraoccipital  projects  far  forwards  between  the  two  fron- 
tals and  has  posteriorly  an  occipital  process.  Viewed  from  the  side  (fig.  10)  we 

1 indicates  the  sliort  supporting  ray,  4 the  rays  attached  to  the  upper,  5 those  on  the  lower 
hypural  bone. 
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observe  behind  the  orbit,  in  addition  to  the  snpraoccipital  (so)  and  the  frontals  (//■), 
a small  postfrontal  {pf),  a large  pterolic  (squamosal,  sq)  and  a small  posttemporal 
(supraclavicular  I,  pt).  The  last  is  attached  by  a wedge-shaped  suture  to  the 
pterotic,  the  only  bone  with  which  it  enters  into  contact  on  the  side,  whereas  on 
the  posterior  aspect  of  the  skull  it  extends  upwards  to  the  epiotic  (fig.  11).  The 
epiotic  {ep)  is  not  visible  from  the  side;  it  is  covered  here  by  the  frontal,  which 
by  means  of  a prolongation  reaches  right  back  to  the  posterior  surface  of  the 


so 


Fig.  10. 

Amphisile  sciitatti.  Skull  from  llic  left  sidi-.  .so:  snpraoccipital;  pt : posllcm])oral  (supraclavicular  1); 
sq:  pterotic  (s((uamosal);  fr:  frontal;  pf:  |)ostfroiital ; prf:  prcfontal.  iiies:  mcscthmoid ; na: 
nasal;  ao:  antorbital;  a, a":  detached  parts  of  the  same ; qti:  quadrate;  pro:  preoperculuni ; o: 
operculum;  s:  suhoperculum.  The  dotted  line  indicates  the  canal  for  the  lateral  line. 

skull,  projecting  in  between  the  pterotic  and  the  snpraoccipital;  a slightly  shorter 
prolongation  is  sent  by  the  frontals  into  the  snpraoccipital.  The  triangular  piece 
of  the  snpraoccipital  thus  included  between  these  prolongations  of  the  frontals 
might  veiw  easily  be  taken  for  a separate  bone  (thus  by  Starks  (30)  who  describes 
it  as  belonging  to  the  epioticum).  Parietals  are  wanting;  also  opisthotics.  On  the 
part  of  the  skull  lying  in  front  of  the  orbits  we  have,  in  addition  to  the  frontals, 
a small  part  of  the  prefrontals  (prf)  between  the  nasal  openings  and  the  orbits;  the 
remainder  of  the  prefontal  is  covered  by  the  large  ant-  or  preorbital  (ao)  which 
is  triangular  in  shape  and  anteriorly  sharply  pointed.  This  has  a sharp  border 
below  for  a very  long  distance,  a small  curved  incision  above  for  the  nasal  openings 
and  is  connected  otherwise  by  a long  suture  to  the  nasal  (na),  which  is  sutured 
at  its  long  anterior  end  to  the  vomer,  but  does  not  reach  quite  to  the  extreme  end 
of  the  latter  bone.  The  anterior  half  of  the  nasal  is  pierced  by  a canal  for  the 
lateral  line  in  continuation  of  the  canal  which  passes  through  the  frontals;  of  the 
remaining  bones  the  postfrontal  and  the  pterotic  also  contain  a lateral  line  canal. 

On  the  posterior  aspect  of  the  skull  (fig.  11),  the  two  epiotics  (ep)  meet  together 
for  quite  a short  distance  round  the  foramen  magnum  and  thus  exclude  the 
snpraoccipital  (.so)  from  the  latter;  we  see  further  the  exoccipitals  (eo),  attached 
laterally  by  a suture  to  the  posttemporals  (pt),  of  which  much  more  is  seen  than 
from  the  lateral  aspect;  on  the  lower,  inner  border  of  each  exoccipital,  close  to 
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the  hasioccipital  articulating  surface,  we  find  a narrow,  deep  groove  (gr)  for  arti- 
culation with  the  articulating  process  of  the  first  vertebra.  On  the  posterior  sur- 
face of  the  skull  in  A.  strigata  are  very  deep  hollows,  much  deejier  than  in  scntata  ; 
the  exoccipitals  especially,  with  the  adjoining  parts  of  the  posttemporals,  have  deep 
hollows  surrounded  by  sharp  margins. 

The  under  surface  of  the  skull  (fig.  12)  most  posteriorly  is 
flattened,  but  soon  becomes  angular;  at  * the  parasphenoid  (pa) 
forms  a blunt  angle  in  its  forward  slope;  under  the  orbit  it  is 
broader  and  hollowed  out  below.  The  most  conspicuous  and 
remarkable  hone  in  the  skull  is  the  pterotic  (sq);  this  is  joined 
below  by  a suture  to  the  hasioccipital  (ob)  and  thus  shuts  out 
the  exoccipital  from  contact  with  the  prootic.  The  anterior  sur- 
face of  the  prootic  {pro)  bounds  the  lower  part  of  the  cranial 
cavity  towards  the  orbits  and  by  means  of  a short  horizontal 
process  meets  with  the  corresponding  bone  of  the  other  side  in  a 
medial  suture;  a fairly  deep  space  is  hounded 
above  in  this  way  and  below  and  laterally  it 
is  enclosed  by  the  parasphenoid.  The  recti 
inferiores  muscles  of  the  eye  are  attached  in 
this,  i.  e.  Amphisile  has  a distinct  indication  of 
a “myodome”;  it  is  however  not  continued  far 
hack  like  a true  “eye-muscle  canal”,  as  is  the 
case  in  Centrisciis  (cf.  later  under  this  species); 
apart  from  this  the  conditions  are  the  same  in 

both  species.  A small  alisi)henoid  and  pro-  ‘■Ho)^lv)ul^it"ynebra.^' 
hahly  a small  orbitosphenoid  are  present  as 
in  Centrisciis.  Under  the  broadened,  concave  part  of  the  orbital 
])orlion  of  the  parasphenoid  lies  the  posterior,  finely  pointed  end 
of  the  vomer  (no);  slightly  in  front  of  the  prefi'ontals  (prf)  — 
where  the  cartilaginous  portion  of  these  passes  over  into  the 
mesethmoid  — the  vomer  increases  greatly  in  breadth,  and  from 
there,  accomj)anied  in  the  beginning  by  the  cartilaginous  meseth- 
moid, later  alone,  forms  the  beak-like  anterior  part  of  the  skull. 
The  under  surface  of  the  vomer  is  channelled;  the  lateral  edges 
are  (somewhat)  thickened;  along  these  edges  are  attached  the 
mandibular  suspensorium , whilst  the  concave  lateral  surfaces 
above  the  margins  are  covered  by  the  nasals.  Under  the  broad 
posterior  part  of  the  antorbital  hone  (ao)  lies  the  anterior  portion 
of  the  preopercular  muscle  (M.  adductor  mandibiita’)  and  the  long, 
thin  tendon  of  this  muscle  is  covered  by  the  remaining  lower,  very  thin  and  trans- 
parent edge  which  extends  slightly  out  over  the  edge  ot  the  vomer;  the  anterior 
end  of  the  tendon,  almost  right  to  its  attachment  to  the  upper  and  under  jaw,  is 


eo  gr  gr 
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An}i)hisilr  scnlittn. 
Skull  seen  IVoni  below  . 
jHi  : psirasi)lu‘noi(i ; oh: 

hasiooci])ital : pro : 
j)r()olic’.  Ollier  letters 
as  in  litis.  10  and  11. 
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covered  by  some  small,  thin  bony  plates  (fig.  10  and  13  a'  a”),  which  form  a con- 
tinuation of  the  antorbital.  These  occur  in  somewhat  varying  number;  in  A.  scutata 
I have  as  a rule  found  2 on  each  side,  most  frequently  (a’  a”  as  the  figs,  show) 
the  first  is  quite  short,  the  posterior  longer,  rarely  the  reverse;  in  A.  strigata  I find 
as  a rule  4 on  each  side;  in  a specimen  of  A.  piinctiilata  2 on  the  left,  3 on  I he 
right  side,  in  another  3 on 
the  right,  4 on  the  left  side. 

In  all  the  posterior  end  of 
the  hindmost  lies  under  or  a 
little  behind  the  front  end 
(with  the  lateral  line  pore)  of 
the  nasal.  As  these  small 
bones  appear  in  close  contact 
and  in  line  with  the  front 
end  of  the  antorbital,  with 
the  same  function  as  this,  and 
as  they  also  seem  somewhat 
inconstant  in  number,  in  two 
of  the  species  often  different  on  the  two  sides,  we  may  well  consider  them  as  dis- 
connected parts  of  this  bone.  They  seem  to  me  to  have  special  interest  as  they 
give  us  the  key  to  understand  the  relatively  much  larger  bones,  which  occur  in 
the  true  Lophobranchii  in  quite  a similar  position. 


\inphisilc  scutata.  Left  lateral  aspect,  seen  from  outside,  of  the  anterior 
end  of  mandihulary  .suspensorium  and  parts  of  the  mouth,  freed  from 
the  skull,  i:  intermaxilla;  iiix:  maxilla;  d:  dentary;  ar:  aiticular;  an: 
angular;  pa:  palatine;  ekt,  ept:  ecto-  and  entopterygoid.  Other  letters 
as  in  fig.  10. 


I 


Fig.  14. 


Aniphisilc  scutata.  Mandihulary  suspensorium  aud  opercular  hones  wilh  the  1 hranchiostegals, 
right  side,  seen  from  within.  Iiy  : hyomandihidar;  sy : symplectic;  tpi  : quadrate;  ekt,  ept.  uit : 
ecto-,  ento-  and  meta|)terygoid ; pa-  palatine;  n".  see  tigs.  10,  Hi;  lo:  iuteropercidum ; pro:  preo- 
l)ercuhim ; o:  operculum;  s:  suho])erculum ; r:  hranchiostegals. 


The  true  mouth-parts  (fig.  13)  are  small.  The  intermaxilla  (i)  has  a distinct, 
though  weak,  ascending  branch;  the  maxilla  {mx)  is  relatively  of  fair  size  and  as 
elsewhere  in  the  bony  fishes  supported  above  by  a process  from  the  palatine  (pa). 
The  lower  jaw  is  composed  of  the  usual  3 parts  on  each  side:  the  articular  (a) 
and  dental  (d)  which  together  form  a high  ascending  process  for  the  attachment 
of  the  tendon  of  the  M.  adductor  inandibiiloe,  and  a small  angular  (an),  which  is 
connected  with  the  interoperculum  as  is  usual  by  a ligament.  At  the  front  end  of 
the  dental  there  is  a blunt  or  sometimes  a quite  pointed  book  directed  downwards. 
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Of  the  suspensorial  parts  of  the  jaws  (fig.  14)  the  hyomandihular  (/ly)  is  of 
good  length,  slender,  with  a wing-like  broadening  along  the  upper  part  of  the  inner 
margin;  it  is  directed  obliquely  from  before  backwards  and  is  obviously  very  firmly 
connected  with  the  skull;  at  its  lower,  cartilaginous  end  it  is  connected  by  connec- 
tive tissue  with  the  cartilaginous,  proximal  end  of  the  symplectic  (sy)  and  forms 
with  this  the  upper  border  of  the  articulating  socket  for  the  stylohyal,  which 
elsewhere  is  placed  on  the  preoperculum.  The  symplectic  (sy)  becomes  broader 
distally  and  joins  above  with  the  metapterygoid  (ml),  whilst  below  and  in  front  it 
runs  out  into  a thin  process  connected  with  the  posterior  end  of  the  quadrate  and 
containing  the  persistent  cartilaginous  axis,  which  continues  directly  into  the  lower 
border  of  the  quadrate.  The  quadrate  (yu)  is  very  long  and  constitutes  the  largest 
part  of  the  anterior  portion  of  the  mandibular  suspensorium.  Its  posterior  end, 
connected  with  the  symplectic  and  metapterygoid,  is  somewhat  pointed;  otherwise 
its  upper  and  lower  margins  are  almost  parallel;  its  lower  margin,  which  is 
thickened  to  form  a ridge,  is  for  a long  distance  connected  with  a ridge  on  the 
inner  surface  of  the  preoperculum;  at  the  termination  of  the  latter  the  lower  margin 
of  the  quadrate  becomes  a sharp  and  thin  edge,  whilst  a ridge  on  the  inner  sur- 
face continues  the  thickened  part  right  to  the  articulation  with  the  mandible.  The 
sharp  edge  lying  below  this  ridge  is  fairly  long  in  /I.  sciitata,  much  shorter  in  the 
other  two  species.  The  outer  surface  of  the  (|uadrate  is  cylindrical,  ai’ched  and 
sculptured;  the  inner  surface  is  concave  and  the  whole  bone  has  thus  the  form  of 
a half-tube;  the  upper,  thin  margin  folds  over  the  entopterygoid  (ept),  which 
can  easily  be  seen  through  it,  and  reaches  almost  to  the  cranial  bones  of  the 
snout;  the  true  connection  with  this  is  however  at  the  upper  margin  of  the 
pterygoid.  The  short,  front  margin  of  the  quadrate,  above  the  mandibular  articu- 
lation, is  somewhat  crescent-shaped  and  the  ectopterygoid  {ekt,  figs.  13,  14)  is 
attached  to  its  upper  part.  The  ectopterygoid  is  extremely  small;  in  most  of  the 
preserved  specimens  it  is  out  of  its  usual  position  or  quite  lost;  the  mouth  parts 
and  the  anterior  part  of  the  snout  are  on  the  whole  often  damaged,  probably  not 
always  or  only  from  careless  treatment,  but  certainly  just  as  much  because  some 
of  these  thin  and  delicate  parts  are  easily  broken  or  displaced  by  the  contraction 
of  the  mandibular  muscles  and  tbe  sbrinking  of  their  long  tendons  in  alcohol  (or 
on  dying?).  The  entopterygoid  {ept)  is  a long  and  narrow,  quite  thin  bone  with 
almost  parallel  margins;  it  lies  along  the  whole  upper  margin  of  the  quadrate, 
being  covered  on  the  outer  side  by  this  bone  except  quite  in  front,  where  the 
entopterygoid  is  much  thickened  and  on  the  outer  side  has  an  overhanging  margin 
which  is  connected  with  the  upper  margin  of  the  first  of  the  small  infraorbital 
bones  (o’ a”,  fig.  13).  The  whole  of  its  upper  margin  is  connected  — under  the 
edge  of  the  preorhital  with  the  margin  of  the  snout,  i.  e.  with  the  vomer;  with 
the  thin,  partly  cartilaginous  (or  with  but  a very  tbin  bony  sbeatb)  posterior  end 
it  touches  the  metapterygoid. 

The  m eta  pterygoid  (ml)  is  fairly  large,  connected  in  addition  to  the 
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entopterygoid  with  the  quadrate  and  symplectic;  its  inner  surface  is  very  concave; 
its  upper  margin  is  arched  and  somewhat  bent  inwards;  it  is  very  firmly  attached 
to  the  ethmoid  and  vomer. 

The  palatines  (pa)  in  A.  sciitata  are  extremely  short,  in  the  other  two  species 
somewhat  longer,  especially  in  A.  pimctiilata  ; a small  knob-like  process  projects 
forwards  from  the  anterior  end  over  the  maxilla;  on  the  inner  side  it  is  articulated 
with  the  anterior  end  of  the  vomer,  posteriorly  with  the  ento-  and  ectopterygoids. 

The  preopercu  1 u m’  (pro)  along  its  ascending  part  overlaps  the  hind  margin  and 
a great  part  of  the  outer  lateral  face  of  the  hyomandibular ; from  this  it  broadens 
out  on  the  cheek  under  the  eye  in  a rounded  llap  (*  fig.  10),  which  covers  the 
origin  of  the  cheek  muscle  (add.  mandib.).  The  horizontal  portion  broadens  out 
below  and  posteriorly  into  a thin,  transparent  lamella;  the  outer  surface  along  the 
canal  for  the  lateral  line  bears  a row  of  low,  irregular  projections  or  spines,  which 
together  form  a kind  of  ridge  separating  the  thin  expansion  from  the  somewhat 
firmer  portion  of  the  hone;  at  the  corresponding  place  on  the  inner  surface  there 
is  a true,  but  fairly  low  ridge  which  terminates  at  the  deep,  articulating  cup  for 
the  stylo-hyal  under  the  end  of  the  hyomandibular.  The  anterior,  evenly  pointed 
portion  of  the  preoperculum  is  attached  for  a long  distance  to  the  lower  margin 
of  the  quadrate;  in  A.  scutata  it  is  considerably  shorter  than  in  the  other  two 
species. 

The  3 bones  of  the  gill-cover  are  present;  the  operculum  (o)  is  oval  with  a 
projection  on  its  lower  margin;  its  external  surface  is  marked  by  fine  lines.  The 
suboperculum  (.s)  is  almost  crescent-shaped,  with  broad  “fore-horn”.  The  inlero- 
perculum  (io)  is  extremely  long  and  thin,  concealed  on  the  inner  side  of  the  preo|)er- 
culum  along  the  horizontal  ridge  of  the  latter;  from  this  it  follows  the  ridge  on 
the  inner  side  of  the  (piadrate  right  to  its  front  end,  where  by  means  of  a short, 
thick  ligament  it  becomes  attached  to  the  angular  hone  on  the  mandible.  Its  pos- 
terior end,  which  reaches  to  the  articulating  cup  for  the  stylohyal,  is  quite  thread- 
like; anteriorly  the  bone  increases  evenly  in  thickness.  The  posterior  portion  is 
sometimes  interrupted  by  a short  stretch  of  connective  tissue.'* 

The  hyoid  arch  (figs.  15,  16)  is  represented  by  the  normal  number  of  hones; 
it  is  short  and  extends  backwards  only  to  about  the  front  margin  of  the  hypo- 
hranchial  of  the  first  gill-arch.  Its  special  character  consists  partly  in  the  much 
shortened  stylohyal  (st),  partly  and  chielly,  in  the  greatly  develoj)ed  lowermost 
hypohyal  I (hy  /),  partly  finally  in  a certain  amount  of  displacement  towards  one 
another  of  the  parts  composing  it.  Viewing  the  arch  from  the  outer  side  (fig.  15) 
the  small,  rounded  stylohyal  (st)  is  seen  as  if  inserted  in  and  surrounded  by  the 
epi-  and  ceratohyal.  It  has  a head-shaped,  rounded  articulating  surface  for  the 
above-mentioned  articulating  cup  on  the  suspensorium ; on  the  outer  side  it  has  a 
deep  groove  (*  fig.  15)  which  is  completed  hy  the  other  two  hones,  the  epi-  and 
ceratohyal;  this  is  tilled  hy  a short,  thick  ligament,  which  holds  the  hyoid  arch 
to  the  ])reoperculum  (and  symplectic).  Very  little  of  the  epihyal  (eh)  is  seen  from 
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this  side,  as  its  upper  part  is  covered  l)y  the  stylohyal;  on  the  other  hand,  a great 
deal  of  the  ceratohyal  (ch)  is  to  he  seen;  along  with  the  hypohyal  I {hy  I)  it  forms 
the  most  of  the  hyoid  arch  to  be  seen  from  the  outer  side.  When  observed  from 
the  inner  side,  however,  the  epihyal  is  of  good  size  (fig.  16)  and  connected  ante- 
riorly with  a small  hypohyal  II  {hy  II)  and  with  hypohyal  I; 
posteriorly  it  covers  the  stylohyal,  which  is  almost  completely 
hidden;  of  the  ceratohyal  only  a small  part  is  seen  {ch).  The 
(in  other  fishes)  ui)per  hypohyal  II  {h^II)  is  very  small;  as 
in  other  bony  fishes  it  is  firmly  attached 
hy  a ligament  to  the  basis  of  the  glos- 
soliyal.  The  lower  hypohyal  {hy  I)  is, 
as  already  mentioned,  the  largest  hone 
in  the  whole  arch,  composing  about 
half  of  its  length;  its  front  end  is  some-  ** 

what  bent  downwards  (larger  and  stron-  , .. 

ger  in  A.  striyata  than  in  A.  scutata);  it  arch,  IVom  tlie  outer  si<le.  si : 
is  connected  for  a long  distance  with 
the  corresponding  hone  of  the  opposite 

side,  and  a cartilaginous  mass  is  found  on  the  inner  side  of 
the  anterior  end.  Cartilage  is  also  present  between  the  epi- 
and  ceratohyal  in  the  lower,  thinner  part  of  the  posterior  por- 
tion of  the  arch,  further  in  the  interior  of  the  bones.  In  a 
depression  on  the  outer  side  of  the  arch  formed  by  the  epi- 
and  ceratohyal  (fig.  15**)  and  overhung  hy  a projecting  ridge  are 
attached  the  4 b r a n ch  io ste g a 1 s (see  fig.  14).  The  hindmost  (up- 
permost) of  these  is  the  strongest  and  largest,  the  first  quite  thin 
and  short.  A groove  under  the  base  of  the  curved  front  end 
of  the  hypohyal  I is  for  the  attachment  of  the  strong  ligament 
for  the  urohyal.  This  hone  (PI.  II,  fig.  1 n)  is  of  a considerable 
size  and  is  continued  backwards  in  2 
very  long,  thin  bones,  each  of  which 
runs  far  back  on  the  outer  aspect  of  the 
clavicle  of  its  own  side  and  serves  as 
tendon  for  the  attachment  of  a feather- 
like muscle;  the  posterior  portion  of  this 
muscle  is  attached  to  the  postclavicle 

(nc/l,  whilst  the  fibres  arising  ventrally  hyoid  arch, 

111  inner  si(!(*.  Letters  as  in  tig. 
from  the  tendon  are  fixed  along  the  upper  hypohyal. 

outer  side  of  the  coracoid  (co). 

The  glossohyal  (entoglossal,  lingual;  fig.  17,  <7/)  is  very  long,  flat  and  thin;  in 
A.  scutaia  it  is  of  the  same  length  as  the  whole  ol  the  remaining  portion  of  the 
gill-arches,  in  A.striyala  even  somewhat  longer.  Seen  from  above  it  is  leaf-like. 


Fig.  17. 

Antphisile  scnlata  (lill- 
arclics  seen  from  above : 
on  the  right  side  tlie  hyoid 
and  upper  i)arts  of  the 
arclies  have  l)een  remo- 
ved. gl  : glossoliyal ; Itgo  : 
left  hyoid  ; co- 

puhp(hasihranehials);  hy  : 
hypobranchials ; c:  cera- 


tohranchials ; e' 


' : epi- 


hranchials;  ph^—ph^'^ 
pharyngobranchials. 
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elongated,  oval,  with  narrow  stalk-like  base  (this  has  on  its  under  aspect  a forked 
process  directed  forwards);  the  anterior  end  is  cartilaginous  and  a cartilaginous 
axis  is  continued  throughout  the  whole  of  its  length.  Behind  this  begins  a contin- 
uous cartilaginous  rod,  which  extends  in  between  the  front  ends  of  the  gill-arches 
IV;  it  contains  2 ossified  copulaj  (or  hasibranchials);  the  first  [col)  arises  on  the 
ventral  side  in  front  as  a spur  and  extends  almost  from  the  middle  of  the  hypo- 
branchials  of  arch  / to  near  the  middle  of  the  hypobranchials  of  arch  II;  the 
second  (coll)  reaches  to  the  posterior  edge  of  hypobranchials  III.  There  is  no 
copula  between  the  cartilaginous,  basal  ends  of  arch  IV,  which  meet  together  in 
the  middle  line;  but  immediately  behind  these  there  is  a small,  unpaired  piece  of 
cartilage  (co  III),  to  which  the  cartilaginous,  basal  end  of  arch  V,  the  lower  pha- 
ryngeal, is  attached. 

The  whole  branchial  apparatus  is  elongated,  even  the  part  lying  above  the 
pharynx;  in  consequence,  all  parts  are  more  easily  observed  than  is  the  case  in 
many  other  fishes;  any  incompleteness  or  imperfection  in  the  various  parts  in 
comparison  with  other  fishes  which  might  justify  Cope’s  name  “Hemibranchii” 
does  not  exist;  in  all  essential  regards  it  agrees  with  the  condition  in  for  example 
an  Acanthopterygian  such  as  Sebastes.  The  first  three  gill-arches  each  consist  of 
4 parts;  the  h y po b r a n ch i a 1 (hij)  is  short,  broad;  seen  from  above  it  is  more  or 
less  distinctly  3-sided,  largest  in  arch  I,  shortest  in  arch  III;  as  is  generally  the  case 
in  other  fishes  the  hypohranchial  III  has  a forwards  projecting  process  or  keel  on 
the  under  side;  it  is  absent  from  arches  /V  and  V.  The  c e r a t o b r a n ch  i a 1 (c)  is 
the  longest  bone,  with  cartilaginous  upper  and  lower  ends;  ceratobranchial  IV  has  a 
longer,  lower  cartilaginous  end  than  the  others,  meeting  directly  with  the  corres- 
ponding part  from  the  opposite  side,  thus  taking  the  place  of  the  absent  hypo- 
branchial  IV.  As  is  generally  the  case  in  bony  fishes  the  ceratobranchial  composes 
the  whole  of  arch  V;  here  it  has  proximally  a small  cartilaginous  end,  distally 
(upper)  a fairly  large,  somewhat  broadened  cartilaginous  end;  the  surface  towards 
the  pharynx  is  beset  with  teeth.  The  epib ranch ial  (e)  / is  short,  broad,  with  the 
upper  thickened  margin  cartilaginous  and  extending 
over  the  outer  margin  of  the  pharyngohranchial  II. 

The  epibranchial  II  is  somewhat  curved  over  the 
throat;  at  the  bend  it  sends  out  an  upward  process 
(an  indication  of  a similar  process  is  found  on  epi- 
branchial I).  The  distal  part  lying  over  the  throat 
ends  in  a rounded  cartilaginous  border  connected  , ...  I ig.  18. 

^ Anfpliisilc  sculata.  t j^per  pharynf^oal  l)0- 

with  the  pharyngeals  II  and  III.  Epibranchial  III  lies  ipli'  ph^'‘  ’ and  epibranchials  (c^  ’. 

1 -1  1 • „ I willi  the  niiper  einls  of  the  ceraloliran- 

has  a sundar  form,  but  its  upward  process  is  much  ..tV).,, 

longer  and  articulates  with  the  corresponding  pro-  ^nd  somewhat  heiow.  a portion  of  the 

b,.,  ..  1.  , . . 1 . mueons  nienilirane  with  gilt-rakers  is  also 

r.  IV;  its  distal  mam  part  ends  in  a shown, 

cartilaginous  border,  connected  with  the  adjacent 

pharyngeal  III  and  also  touches  the  pharyngeal  IV;  owing  to  the  lengtli  of  the 
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process  mentioned  above  this  epibranchial  seems  to  be  bifurcated.  This  is  even 
more  the  case  with  epibranchial  IV,  which  is  much  more  slender  than  the  fore- 
going epihranchials;  its  long  process  is  directed  obliquely  forwards  to  connect  with 
the  process  on  epihr.  Ill,  whilst  the  distal  (inner  and  longer)  head-part  is  connected 
by  a cartilaginous  end  with  the  corresponding  pharyngeal  and  likewise  touches  the 
upper  cartilaginous  part  of  the  pharyngeal  in  front.  Of  the  4 pharyngeals 
tigs.  17  and  18)  the  one  belonging  to  arch  I is  short,  wedge-shaped  and  without 

teeth;  in  A.  strigata  I find  that  it  is  not  hone  hut  cartilage;  the  next  3 form  together 

the  epipharyngeals  (upper  “throat-hones”),  and  are  beset  on  the  surface  towards 
the  throat  with  a number  of  pointed  teeth;  the  pharyngeals  II  and  III  are  elon- 
gated, narrow,  the  group  of  teeth  oval;  pharyngeal  IV  is  short,  rounded,  its  tooth 
plate  of  similar  form. 

Of  the  gill-rakers  it  is  mainly  the  outer  (front)  row  which  is  well-developed; 
the  inner  (posterior)  is  quite  w'anting  on  arch  I,  is  only  indicated  by  some  scattered 
parts  on  arch  II,  more  numerous  and  more  distinct  on  III  and  is  most  developed 
on  IV  (it  is  hardly  necessary  to  say  that  it  is  absent  on  T).  The  outer  or  front 
row  is  specially  long  on  arches/ — III,  much  shorter  on  IV;  they  are  fiat,  pointedly 
triangular,  rod-shaped  when  seen  in  profile;  their  inner  skeletal  axes  are  not  ossi- 
fied on  the  anterior  arches  or  hut  little  ossified  at  the  base;  on  IV  the  axes  are 

ossified  to  a greater  extent;  the  ossifications  are  not  fused  to  the  skeleton  of  the 

arch;  on  V a small  row  of  4 — 5 short  gill-rakers  is  present  distally  in  front  of 
the  teeth.  The  inner  row  of  gill-rakers  is,  as  above  mentioned,  weakly  develojied 
everywhere,  and  the  rakers  short  and  fine  (easily  overlooked  between  the  numerous 
papilkc  on  the  throat),  hut  usually  with  a small  bony  axis,  especially  on  IV,  where 
however  owing  to  the  shortness  of  the  gill-cleft  they  do  not  occur  on  the  epi- 
hranchials'*. 

The  most  important  features  of  the  branchial  apparatus  can  he  represented 
in  tabular  form  as  follows: 


Gill-arcli 

Basil)!'. 

(co])ula) 

tlypobr. 

Ceratobr. 

Epibr. 

Pharyiig. 

anterior 

gill-rakers 

posterior 

gill-rakers 

I 

4- 

+ 

+ 

+ 

-U 

1 

+ 

II 

1 

+ 

+ 

+ 

i 

"T 

+ 

+ 

(+) 

III 

+ 

+ 

+ 

+ 

IV 

(-1  ) 

+ 

-f 

H” 

+ 

V 

+ 

+ 

The  shoulder  girdle  (PI- H,  fig.  1 and  text-fig.  19)  has  been  very  carefully 
and  correctly  described  by  Starks  (30,  pp.  633—34)  in  A.  strigata.  On  one  point  only, 
but  that  a fairly  important  point,  Starks  has  misunderstood  the  conditions;  he 
states  namely  (p.  634):  “The  hypercoracoid  (scapula  here,  sc  in  fig.  1,  PI.  II  and 
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fig.  19)  does  not  nearly  contain  its  foramen,  hut  is  assisted  above  by  the  inner 
plate  of  the  clavicle”;  and  with  this  his  figure  6 also  agrees.  Tlie  true  condition 
I have  shown  in  the  figure  of  A.  sciitata.  We  see  here  fhat  the  large,  oval  foramen 
is  (juite  surrounded  by  the  scapular  alone,  as  elsewhere  in  the  tiony  fishes.  Starks’ 
error  has  possibly  arisen  from  investigation  of  a dried  specimen,  in  which  the 
anterior,  extremely  brittle  and  almost  unossitied  boundary  of  the  opening  has  fallen 
out.  As  in  many  other  fishes  the  coraco-scapular  cartilage  has  been  preserved  to 
such  an  extent  that  there  is  hut  a small  ossi- 
fied portion,  in  parts  exceedingly  thin,  outside 
it.  The  whole  of  the  inner  part  of  the  scapula 
is  cartilaginous  and  the  cartilage  on  the  front, 
upper  corner  is  quite  uncovered  by  hone;  from 
the  boundarjf  between  the  scapula  and  coracoid 
the  cartilage  extends  into  the  latter  as  a broad 
triangle,  continuing  from  the  lower  angle  as  a 
thin  axis  across  the  horizontal  part  and  increa- 
sing evenly  in  thickness  towards  the  clavicle, 
where  finally  the  anterior  end  is  quite  cartila- 
ginous. The  horizontal  part  of  the  coracoid 
unites  so  firmly  with  its  fellow  of  the  other  side,  that  they  give  the  impression  of 
having  grown  together;  obviously  a result  of  the  extremely  compressed  condition 
on  the  ventral  side  of  the  fish.  The  ridge  / on  the  clavicle,  to  the  hindmost  part 
of  which  the  scapula  is  attached,  continues  under  the  scapula  right  to  the  posterior 
end  of  the  portion  of  the  clavicle  vlsi})le  externally  (c/,  fig.  t.  Tab.  I). 

F’ig.  i9  shows  likewise  that  the  postclavicle  ( />(■/)  has  essentially  the  same  form 
as  in  A.  slrigala,  hut  is  much  shorter.  In  A.  strigala  it  extends  backward  beyond 
the  pelvis  as  far  as  the  posterior  margin  of  the  8th  ventral  plate. 

In  A.  sciilata  there  is  an  oval  opening  o,  bounded  partly  by  the  coracoid, 
partly  by  the  very  considerable,  lowermost  (4th)  basal  {ba4).  The  part  of  the 
clavicle  visible  externally  is  longer  in  sciiiata  than  in  the  other  two  species,  where 
it  also  has  a somewhat  different  form  (cf.  PI.  I,  fig.  t with  text-figs.  2 and  3 p.  47  (9)).  In 
the  other  two  species  the  shoulder  girdle  is  on  the  whole  not  quite  so  elongated 
as  in  scutata  and  the  pectoral  fins  are  therefore  not  (juite  so  far  distant  from  the 
gill-opening  as  in  the  latter;  as  Lutkkn  (24a,  p.  2t6)  has  correctly  stated,  the  base 
of  the  pectoral  lies  in  scutata  (almost)  above  tbe  middle  of  the  6th  ventral  plate, 
whilst  in  the  other  two  species  it  is  (almost)  over  the  boundary  between  the  5th 
and  6th®. 

The  n umber  of  rays  in  the  pectoral  fin  I find  to  be  tt  in  A.  strigata, 
12  in  A.  piinctulata,  10  in  A.  sctffa/a  (thougb  11  in  one  of  11  specimens)  ; in  addition, 
there  is  in  all  3 species  a small,  quite  rudimentary  ray  at  the  upper  border  of  the 
base  of  the  pectoral.  In  a single  specimen  of  scutata,  further,  there  was  on  the 
left  side  1 more  rudimentary  ray  above  and  on  the  right  side  1 rudimentary  but 


Fig.  19. 

Amphisile  sciifata.  l.cl'l  pectoral  arch,  seen  from 
within;  supraclavicular  removed,  cl:  clavicle; 
I:  ridsc  on  clavicle;  sc:  scapula;  co:  coracoid; 
jicl:  poslclavicle ; Ini'i:  lowermost  basal; 
o:  foramen. 
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longer  ray  at  the  lower  edge,  in  addition  to  the  10  rays  developed.  All  the  rays 
are  unhranched,  hut  finely  threaded  at  the  ends  (the  same  applies  to  the  rays  of 
the  ventrals  and  the  other  fins).  The  uppermost  rays  are  the  longest  and  strongest 
in  all  the  species;  the  breadth  of  the  rays  decreases  evenly  towards  the  lower 
margin;  the  lowermost  ray  and  the  uppermost  2 4 are  (juite  unarticulated,  the 

remainder  distinctly  articulated  though  in  extremely  varying  degree. 

The  pelvic  hones  (fig.  20)  can  he  seen  in  all  the  species  through  the  sharp 
ventral  margin,  always  in  the  8th  ventral  plate.  On  the  lower  edge  of  the  latter 
there  is  an  incision  into  which  is  fitted  the  lower  margin  of  the  pelvic  hone,  and 
the  ventral  fins  are  attached  here;  if  this  plate  is  fused  helow  with  an  unpaired 
element,  the  latter  can  therefore  not  extend  any  further  hack  than  to  the  ventral 
fins.  The  pelvic  hone  can  he  followed  from  this  place,  directed  ohli({uely  forward, 
as  a (juite  thin,  aj)parently  rod-shajied  j)rocess  uji  through  the  transparent  ventral 
margin  and  can  further  he  traced  more  or  less  distinctly  higher  up,  crossing  the 
rachis  of  the  8th  [)late;  its  up})er  end  is  not  as  a rule  seen  through  the  skin,  as 
it  is  hidden  in  the  muscular  mass.  In  A.  strhjata  it  seems  to  he  j)laced  in  a some- 
what more  vertical  position  than  in  the  other  two  species  and  may  lie  almost 

j)arallel  to  the  ahove-menlioned  rachis. 

Closer  examination  shows  that  each  half  of  the  pelvics  greatly 
resemhles  a tin-ra}';  it  is  a (juite  thin  and  narrow  hone,  broader  at 
the  base  and  here  with  a cartilaginous  lower  edge,  to  which  the  ven- 
tral fin-rays  are  attached;  the  cartilage  continues  from  here  as  a thin 
axis  through  the  whole  hone,  the  upj)er  end  of  which  again  is  carti- 
laginous. The  j)orlion  of  the  hone  which  surrounds  the  cartilaginous 
axis  is  somewhat  thicker  and  thus  more  prominent  than  the  remaining, 
thinner  surface;  it  sej)arates  — like  the  muscular  ridge  on  an  inter- 

sjiinous  hone  — the  anterior  and  j^osterior  muscles  (or  muscular  ten- 

dons) for  the  rays  of  the  ventral  fins.  In  A.strigaia  (and  probably 
also  piincliilaUi)  the  whole  pelvic  hone  is  somewhat  broader  than  in 
sciitata,  where  it  is  extremely  narrow.  Long  muscular  tendons  lie,  as 
above  mentioned,  along  the  anterior  and  jmsterior  lateral  surface, 
sejiarated  by  the  faint  axial  thickening,  and  also  on  the  inner  side  of 
the  half  facing  forward  — thus  between  the  two  halves  of  the  pelvics 
(corresponding  to  the  ventral  musculature  on  the  pelvics  of  a typical  fish).  The 
muscular  fibres  which  move  the  rays  of  the  ventral  fins  by  means  of  these  tendons 
form  a muscular  mass,  which  as  mentioned  above  hides  the  uj)jier  ends  of  the 
jielvic  bones,  and  the  main  jjortion  at  any  rate  takes  its  origin  from  the  inner 
wall  of  the  abdomen.  This  jielvic  region  thus  seems  quite  din’erent  from  that  of 
all  other  bony  fishes  in  regard  to  jiosition,  form  and  arrangement  of  the  muscles. 
The  jiosition  and  something  of  the  form  will  however  be  found  again  in  Ceiitrisciis. 
The  large  amount  of  comjiression  sulTered  by  the  abdomen  in  Amphisile  has  ob- 
viously influenced  the  form  and  position  of  the  pelvic  region  and  thus  made  it 


Fi,!'.  ‘20. 
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expedient  that  the  musculature  should  for  the  most  part  move  out  to  the  iuuer 
surface  of  the  abdominal  armour®. 

The  ventral  fins  are  coalesced  along  their  inner  margin  as  in  the  Gobies. 
The  number  of  rays  is  5,  1 spinous  and  4 soft,  hut  unarticulated  and  unbran- 
ched rays;  these  naturally  are  distinctly  composed  of  paired  parts  in  contrast  to 
the  spinous  ray.  The  spinous  ray  is  very  fine,  much  shorter  than  the  other  rays, 
sometimes  of  different  length  on  the  two  sides  (in  a ^ of  A.  strigata  I find  it  half 

as  long  on  the  left  as  on  the  right  side);  it  may  be  so  small,  half  rudimentary 

that  it  is  difficult  to  find;  this  is  the  condition  I find  in  2 A.  punctulata.  In  A. 
strigata  the  males  have  long  ventral  fins  fhe  two  posterior  rays  especially  being 
long;  the  ventral  fins,  which  are  placed  on  fhe  8th  ventral  plate,  reach  in  this 

case  to  or  beyond  the  boundary  between  the  9th  and  10th  plate,  sometimes  to  the 

middle  of  the  latter  or  even  to  its  posterior  border.  Whether  there  is  a sexual 
difference  in  the  ventral  fins  in  the  other  two  species  I am  unable  to  determine; 
I do  not  think  so  however  and  in  any  case  it  will  scarcely  be  obvious.  In  10 
specimens  of  A.  sciitata  before  me  the  variation  in  length  of  the  ventrals  is  quite 
unimportant  and  in  11  A.  punctulata,  which  I have  examined  with  regard  to  this 
point,  I likewise  find  but  little  variation;  I find  that  the  fin  never  reaches  beyond 
the  9th  ventral  plate.  That  specimens  of  A.  strigata  with  long  ventrals  are  really 
S,  as  stated  by  earlier  authors,  I have  had  the  opportunity  to  confirm  by  fhe 
examination  of  one  specimen'^. 

Remaining  anatomical  features. 

With  regard  to  the  anatomy  of  the  soft  parts  I shall  restrict  myself  to  some 
few  remarks,  as  my  investigation  was  chiefly  concerned  with  the  osteology;  the 
remaining  organs  have  only  received  occasional  attention. 

The  character  of  the  musculature  is  in  high  degree  determined  by  the  stiff 
armour.  The  lateral  muscles  have  for  a great  part  disappeared ; only  the  dorsal 
portion  is  fully  preserved.  The  part  of  this  which  lies  on  each  side  along  the 
elongated,  anterior  vertebrae,  above  the  attachment  of  these  to  the  ridges  on  the 
lateral  plates,  are  attached  in  front  to  the  skull,  very  firmly  especially  to  the 
supraoccipital,  by  means  of  a thick  tendinous  mass,  which  further  back  divides 
into  two  long  tendinous  strips  along  the  upper  border  of  the  muscles;  the  whole 
of  this  muscular  part  probably  represents  a number  of  muscular  segments  corre- 
sponding to  the  5 — 6 vertebrae  and  we  find  also,  that  it  is  penetrated  longitudinally 
by  ca.  10  long,  shining  tendinous  strips,  which  seem  parallel  hut  in  reality  con- 
verge posteriorly  at  very  pointed  angles,  whose  apices  lie  near  the  limit  of  the 
movable  part  of  the  spine  and  somewhat  further  back.  The  muscular  mass  is 
specially  tendinous  along  the  ventral  edge  of  this  region  and  constantly  more  ten- 
dinous the  more  we  approach  the  movable  part  of  the  vertebral  column;  the 
tendons  are  fixed  to  the  transverse  processes  of  the  posterior,  movable  abdominal 
vertebra?  and  those  of  the  anterior  caudal  vertebra?.  The  dorso-lateral  muscles, 
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which  belong  to  the  unarmoured  portion  of  the  vertehral  column,  are  segmented, 
as  is  the  rule  in  fishes,  and  provided  with  strong  tendons  attached  to  the  trans- 
verse processes  of  these  vertebraj.  The  vtntro-lateral  muscles  are  only  completely 
developed  in  the  same  region;  further  forward  there  is  but  a weaker  part  which 
extends  forward  under  the  armour  towards  the  posterior  end  of  the  swim-bladder; 
the  uppermost  portions  of  this  also  have  strong  tendons,  attached  to  the  transverse 
processes  of  the  2 hindmost  abdominal  vertebrjE.  Otherwise  the  whole  abdominal 
wall  within  the  armour  is  reduced  to  a thin  membrane. 

The  musculature  for  the  anal,  2nd  dorsal  and  caudal  fins  is  well-developed; 
in  the  last  the  muscles  to  the  lowermost  ray  on  the  upper  hypural  bone  and  to 
the  uppermost  ray  on  the  lower  hypural  are  specially  strong.  On  the  other  hand 
the  muscles  for  the  1st  dorsal  fin  are  atrophied,  as  true  rays  are  wanting  with 
exception  of  the  spinous  I'ay  in  puncliilata  and  striyata-,  the  two  pairs  of  muscles 
for  this  ray  have  already  been  described. 


Fij?.21. 

Ainphisile  Sfiilala.  Viscera  seen  Ironi  llic  left  side,  ao:  aorla;  e:  lieart ; «/) : artery  of  tell  pectoral 
tin;  e/) : left  posleiior  cardinal  vein;  o/i : hepatic  vein;  I’p:  vein  of  lel't  pectoral  tin:  oc:  oesopliaf;us 
fand  sloinacli);  i:  intestine;  r:  recluin;  If.  liver;  h:  sall-hlailder ; hit:  hih'-dnci:  .s:  swint-hladder : 

re:  kidney;  ijo:  ovary. 

1 may  add,  that  the  arrangement  of  the  musculature  can  in  the  main  he 
studied  without  preparation,  being  seen  through  the  skin. 

The  muscles  seen  through  the  skin  over  the  base  of  the  1st  dorsal  fin  do 
not  belong  to  this,  hut  to  the  2nd  dorsal;  most  of  the  fibres  are  collected  in  a Hat 
tendon  to  the  uppermost  interspinous  hone  (*  fig.  1,  PI.  II)  of  the  latter. 

The  muscles  for  the  pectoral  fins  are  sjiecially  strong,  corresponding  to  the 
considerable  size  of  the  pectoral  girdle.  The  musculature  of  the  pelvic  region  was 
described  above,  as  also  the  muscle  of  the  long  tendon  to  the  urohyal;  the  poster- 
ior, .strong  part  of  this  is  attached  with  its  dorsal  fibres  to  the  jiostclavicle. 

The  pharynx  is  well  provided  with  papillae  of  fairly  considerable  size. 

There  are  4 complete  gills  on  each  side  (i.  e.  a double  row  of  laminaj  on 
each  of  the  arches  I IV’^)  and  a large  p s e u d o h r a n c h i a ; the  last  is  placed  along 
the  posterior  border  of  the  hyomandihular  and  is  composed  of  numerous,  well- 
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developed  laminae  in  a single  row.  There  is  a distinct  cleft  between  the  hindmost, 
gill-bearing  arch  (IV)  and  the  lower  pharyngeal  bone  (V),  surrounded  on  both 
margins  by  gill-rakers  (cf.  above,  p.  66  (28) ). 

Behind  the  gullet  the  alimentary  canal  (fig.  21,  22)  is  at  its  beginning,  between 
the  spinal  column  and  the  pectoral  arch,  a horizontal,  narrow,  muscular  tube  (oe); 
under  the  front  end  of  the  swim-bladder  it  bends  downwards  somewhat  and  at  the 
same  time  widens  evenly;  here  the  strong  musculature  suddenly  ends;  on  the 
inner  side  the  numerous,  strong  longitudinal  folds,  which  characterize  this  part, 
likewise  cease;  the  continuation  of  the  canal  increases  regularly  in  circumference 
— like  a spindle  — becomes  quite  thin-walled,  provided  on  the  inner  surface  with 
much  less  numerous,  lower  longitudinal  folds  often  connected  to  form  a network. 
The  canal  continues  still  with  the  same  shape  under  the  swim-bladder,  narrowing 
somewhat,  as  far  almost  as  the  posterior  end  of  the  abdominal  cavity;  here  it 
bends  over  to  the  right  side,  passes  forwards,  bends  again  — a little  in  front  of 
the  middle  of  the  swim-bladder  — in 
a sling,  in  which  the  spleen  (/)  rests, 
runs  further  posteriorly  under  the 
genital  organs  {go)  and  the  kidney  (re) 
and  passes  over  with  a distinctly  mark-  • 
ed  boundary  into  a short  rectum  (r) 
and  then  bends  down  to  the  anus. 

The  walls  of  the  rectum  are  somewhat 
thicker;  even  the  hindmost  part  of 
the  small  intestine  has  thicker  walls 
than  the  remainder  and  is  less  in  diameter.  The  bile  duct  {bd)  opens  on  the 
under  side  immediately  behind  the  boundary  mentioned  between  the  anterior,  thick- 
walled  narrow  part  and  the  wide  thin-walled  continuation.  The  intestine  thus 
begins  here  in  reality  and  the  narrow,  thick-walled  anterior  tube  represents  the 
oesophagus  and  stomach.  A true  stomach  can  thus  be  said  to  be  absent.  There 
is  no  indication  of  pyloric  appendages.  In  the  anterior,  spindle-shaped  part  of  the 
intestine  and  for  a long  distance  further,  to  a little  in  front  of  the  rectum,  I found 
plentiful  food  in  A.  sciitata,  consisting  of  quite  recognizable  copepods,  crab-larvse 
and  similar  small  Crustacea. 

The  liver  (h)  has  2 main  lobes,  a long  one  on  the  left,  a shorter  to  the 
right.  The  anterior  part  of  the  alimentary  tract  (behind  the  oesophagus-stomach) 
is  surrounded  by  both  lobes  of  the  liver;  the  left  lobe  occupies  completely  the  first 
winding  of  the  intestine;  seen  from  the  left  side  the  latter  is  covered  over  from 
the  posterior  to  the  anterior  bend  by  the  left  lobe  of  the  liver  with  which  it  is 
closely  connected.  The  gall-bladder  (b)  lies  on  the  dorsal  side  of  the  right  lobe, 
sunk  into  this  in  a break  in  its  substance  and  the  right  lobe  is  thus  divided  by 
the  break  into  an  anterior  and  a posterior  portion.  Along  the  middle  of  the  inner 
surface  of  the  left  lobe  runs  a large  hepatic  duct,  accompanying  the  vena  hepatica 
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Fig.  22. 

Viscera  from  right  side.  Letters  as  in  fig.  21.  1:  spleen; 
od : oviduct. 
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for  a long  distance  and  thereafter  the  arteria  hepatica;  it  receives  the  duct  from 
the  gall-hladder,  then  that  from  the  right  lohe  of  the  liver  and  — still  accompanied 
hy  the  A.  hepatica  — enters  into  the  alimentary  canal  on  the  ventral  side  at  the 
spot  indicated  above. 

The  heart  (c)  lies  remarkably  far  from  the  ventral  margin,  high  up  between 
the  clavicles,  with  the  longitudinal  axis  placed  obliquely  so  that  the  bulbus  of  the 
branchial  artery  points  downwards  and  forwards.  The  aorta  (ao)  lies  to  the  right 
of  the  middle  line  of  the  vertebral  centra,  accompanied  hy  a large  right  cardinal 
vein  and  a thin  left  cardinal  (cp).  Close  behind  the  head  the  aorta  gives  off  to 
each  side  — a little  asymmetrically  — a large  artery  to  the  muscles  of  the  pectoral 
fins  (up),  and  almost  at  the  same  place  though  more  ventrally  and  to  the  right 
the  large  Arteria  ca>tiaca.  This  runs  along  the  right  side  of  the  oesophagus-stomach, 
with  branches  to  this,  then  further  under  the  swim-bladder;  under  the  middle  of 
this  it  gives  off  a fairly  large  branch  to  the  “red  body”  {rete  mirabile)  on  the  under 
side  and  divides  into  2 branches,  one  to  each  of  the  two  windings  of  the  intestine 
following  the  latter  and  branching  still  further;  from  the  branch  which  accompanies 
the  winding  only  seen  on  the  right  side  a long  branch  is  sent  off  to  the  tip  of  the 
genital  organ;  this  branch  accompanies  for  a long  distance  the  branch  artery  from 
which  it  arises. 

Concerning  the  venous  system  I can  only  say  that  there  are  as  usual  two 
anterior  cardinal  veins  and  two  posterior  (cp),  of  which  the  right  is  much  larger 
than  the  left.  The  caudal  vein  enters  at  the  |)osterior  end  of  the  kidney.  There 
is  only  one  very  large  vena  hepatica  (oh),  remarkably  long,  as  the  liver  lies  behind 
the  elongated  pectoral  arch  whilst  the  heart  is  in  front.  Into  this  tlows  the  large 
vein  (op)  from  the  muscles  of  the  pectoral  lins,  the  latter  receiving  a small  vein 
from  the  pubic  arch  and  the  ventral  fins. 

The  swim-bladder  (s)  is  of  very  considerable  size,  spindle-shaped;  it  is 
seen,  as  is  well-known,  through  the  dorsal  cuirass.  Its  walls  are  very  thin;  at 
about  the  middle  of  the  ventral  wall  we  find  on  its  inner  side  a large,  well- 
developed  rete  mirabile,  in  shai)e  like  a horse-shoe  with  the  concavity  turned 
posteriorly  (it  is  slightly  asymmetrical,  the  left  side  being  somewhat  longer  than 
the  right). 

If  an  Amphisile  is  held  up  against  the  light,  we  can  notice  (in  most  specimens) 
a thin,  whitish  streak  passing  from  the  under  margin  of  the  dorsal  musculature 
across  over  the  swim-hladder  and  disappearing  at  the  lower  margin  of  the  latter 
under  the  opaque  ventral  plates;  this  is  the  nerve  to  the  ventral  fins.  It  comes  out 
through  the  incision  in  the  transverse  process  of  the  3rd  vertebra,  runs  a small 
distance  backwards  and  then  follows  the  course  seen  from  the  outside  through  the 
dorsal  cuirass  to  pass  almost  vertically  down  to  the  pubic  arch. 

Genital  organs.  The  ovary  (go)  is  unpaired;  it  has  transverse  lamellse 
(A.  scutata)  and  lies  behind  the  end  of  the  swim-hladder  along  the  under  side  of 
the  kidneys.  At  about  the  posterior  end  of  these  it  is  reduced  to  a long,  string- 
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like  oviduct  (od),  which  follows  the  dorsal  surface  of  the  rectum  to  the  genital 
opening  behind  the  anus.  The  testis  is  also  unpaired  {A.  strigata),  like  the  ovary 
in  external  appearance  and  with  the  vas  deferens  following  the  same  course  as 
the  oviduct. 

The  kidneys  (re)  are  fused  posteriorly  into  one  body  which  reaches  back- 
ward to  the  rectum;  at  about  the  anterior  end  of  the  genital  organ  this  body 
divides  into  two  weak  and  thin  parts  which  accompany  the  cardinal  veins.  Whether 
they  follow  these  right  forward  I have  not  been  able  to  determine  with  certainty; 
but  there  is  a “head-kidney”  round  these  veins  anteriorly  before  they  open  into 
the  ductus  Cuvieri.  This  head-kidney  is  traversed  anteriorly  by  the  large  nerves  to 
the  pectoral  fins.  It  is  most  probable  that  only  the  posterior,  voluminous  part  is 
functional;  as  is  usually  the  case  in  fishes  the  caudal  vein  enters  into  this  posterior 
kidney.  I have  not  been  able  to  find  a urinary  bladder. 

A plentiful,  yellowish  fatty  tissue  is  developed  along  the  whole  of  the  ventral 
margin,  above  the  transparent  ventral  keel;  also  dorsally  above  the  anterior  end 
of  the  genital  organ,  between  this  and  the  hind  part  of  the  swim-bladder®. 

Oentrisciis  scolopax. 

The  appearance  of  this  fish  is  so  well-known,  that  I need  simply  refer  in 
regard  to  it  to  the  figure  on  Plate  I,  fig.  3. 

Exoskeleton. 

In  contrast  lo  Amphisile,  Cenirisciis  is  covered  by  scales.  These  are  present 
not  only  on  the  whole  of  the  body  but  also  on  the  head,  even  on  the  long,  tube- 
like snout,  on  a great  part  of  the  eye,  especially  its  posterior  part;  further,  on  the 
anterior  dorsal  fin  and  on  the  fin-rays  of  the  other  fins.  A number  of  spinous  or 
sculptured  ridges  project  up  through  the  scaly  covering;  on  the  head  especially 
there  is  a strong  ridge  from  the  upper  corner  of  the  gill-opening  along  the  frontal 
margin  over  the  orbit  and  further  above  the  nostrils  out  to  the  base  of  the  snout 
tPl.  I,  fig.  3);  a second  is  continued  from  the  anterior,  lower  border  of  the  orbit 
forward  under  the  nostrils  and  joins  with  the  previous  in  front  of  these;  a third 
oblique  ridge  on  the  ascending  branch  of  the  preoperculum  behind  the  orbit  and 
a fourth,  weaker  on  the  operculum  (see  PI.  I,  fig.  3)  etc.  On  the  body  of  the  fish, 
in  line  with  the  ridge  on  the  head  first  mentioned,  there  is  a very  apparent  ridge- 
like strip  over  the  trunk  above  the  pectoral  fin  and  running  almost  horizontally 
or  sometimes  a little  obliquely;  from  this  lateral  ridge  arise  others,  short  below, 
longer  above,  the  last  passing  up  in  front  of  the  base  of  the  large  dorsal  spine. 
There  is  also  a short,  curved  ridge  (cl)  round  the  root  of  the  pectoral  fin,  and  a 
short  ridge  (set)  runs  down  towards  the  front  end  of  this  ridge  from  the  junction 
of  the  lateral  body-ridge  with  the  head-ridge.  Lastly,  the  ventral  margin  in  front 
of  the  ventral  fins  forms  a sharp  edge  and  there  is  a similar  hut  shorter  edge 
going  towards  the  anus  behind  the  groove  in  which  the  ventral  fins  can  he  hidden. 
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Closer  examination  of  the  ridges  on  the  body  shows,  that  those  marked  with 
scl  and  cl  belong  to  parts  of  the  inner  skeleton,  namely,  to  the  snpraclavicle  and 
clavicle  respectively,  and  that  the  remainder  belong  to  some  peculiarly  modified, 
large  scales:  these  taken  together  correspond  to  the  armour  in  Ainphisile.  Just  as 
in  the  latter  the  cuirass  belonged  in  reality  only  to  the  trunk,  w'e  find  that  the 
condition  is  the  same  in  Centrisciis-,  but  it  is  easier  to  recognise  in  the  latter, 
where  the  disproportion  between  the  fore-trunk  and  the  rest  of  the  fish  is  less 
obvious  than  in  Amphisile.  In  describing  the  exoskeleton  of  Centriscus  we  must 
distinguish  between  (1)  the  armour  on  the  trunk  or  thorax  and  (2)  the  true  scales. 

(t)  The  thoracic  armour  makes  its  presence  felt  as  soon  as  we  take  the 
fish  in  the  hands;  in  fact,  it  makes  the  anterior  part  of  the  fish  quite  stiff  and 
immovable.  It  is  therefore  so  much  the  more  remarkable,  that  this  has  hitherto 
been  but  little  observed  and  never,  so  far  as  I know,  compared  closely  wdth  the 
condition  in  Amphisile.  This  may  be  due  partly  to  the  fact,  that  the  large  scales, 
of  which  it  is  composed,  are  more  or  less  hidden  by  scales  of  tbe  ordinary  type, 
whicb  cover  them  to  a greater  or  less  extent,  in  some  specimens  more  than  in 
others.  The  thoracic  armour  here  also  consists  of  a dorsal  and  a ventral  part. 

When  the  covering  scales  are  removed,  the  dorsal  armour  is  seen,  as  in 
Amphisile,  to  be  composed  on  each  side  of  two  I'ow's  of  plates,  an  upper,  dorsal, 
and  a lower,  lateral  (PI.  I,  fig.  3).  The  upper  consists  of  3 members,  connected 
w'ith  one  another  by  dentate  sutures  and  likew'ise  with  the  anterior  3 of  the  low'er 
row;  their  upper  margin  does  not  reach  to  the  middle  line  of  the  back  and  thus, 
in  contrast  to  Amphisile,  they  do  not  meet  the  corresponding  plates  from  the  op- 
posite side.  The  posterior  and  largest  is  closely  attached  at  its  upper  point  with 
a part  of  the  upper  end  of  the  interspinous  bone  for  the  small,  first  spinous  ray 
of  the  dorsal  fin  (R’,  PI.  I,  fig.  3). 

The  lower  row  consists  of  5 plates  (PI.  I,  fig.  3 and  text-fig.  23,  / — P),  firmly 
connected  w'ith  one  another  by  dentate  sutures  where  they  meet;  two  oblong 
interspaces  covered  by  ordinary  scales  are  found  between  the  first  three  plates  and 
the  upper  row';  a similarly  scaled,  narrow  interspace,  opening  upwards  and  back- 
wards, separates  the  two  posterior,  much  smaller  plates  from  the  last  plate  of  the 
upper  row'.  The  outer  surface  of  all  the  plates  of  the  dorsal  armour  is  provided 
W'ith  strong,  finely  toothed  ridges;  on  the  two  anterior,  somewhat  rhomboidal 
plates  in  the  lower  row  these  form  a kind  of  oblique  cross;  on  the  third  plate  the 
posterior  arm  of  the  cross  bends  upwards  and  continues  as  a medial  ridge  on  the 
two  remaining,  smaller  plates  of  the  lower  row'.  On  the  plates  of  the  upper  row 
the  ridges  form  a kind  of  oblique  T,  the  upper  arm  of  the  cross  being  absent. 

The  first  plate  in  the  lower  row  covers  at  its  anterior  corner  the  upper  part 
of  the  snpraclavicle  and  the  hindmost  corner  of  the  skull  and  is  closely  attached 
by  means  of  dense  connective  tissue  to  the  underlying  bone,  (snpraclavicle  I or) 
posttemporal  (pt)-,  tbe  lower  margin  of  tbe  same  plate  overlaps  tbe  upper  part  of 
the  clavicle. 
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Fig.  23. 

CA'itlriscus  scoloj>ax.  Hif'lit  dorsal  cuirass  from  inside.  plates 

of  upper  row;  / — V:  of  lower  row;  /:  ridge  on  plates  I— III;  a: 
notch  for  the  transverse  process  of  3rd  vertebra;  b:  for  that  of  4th. 


The  inner  surface  (fig.  23)  of  the  dorsal  cuirass  is  smooth  and  somewhat  con- 
cave in  the  upper  plates  and  the  two  posterior  of  the  lower  row;  but  on  the  first 
3 large  plates  of  the  lower  row  there  is  a very  prominent  ridge  (/);  this  is  firmly 
attached  by  means  of  dense  connective  tissue  to  the  transverse  processes  on  the 
2nd,  3rd  and  4th  verlebraj.  Examined  more  closely,  the  conditions  are  as  follows: 
the  transverse  process  of  the  2nd  vertebra  lies  at  its  outer  end  in  a notch,  which 
is  formed  by  a shallow  depression  on  the  upper  edge  of  the  clavicle  and  by  the 
anterior  margin  of  the  ridge  on 
plate  I;  the  transverse  process  of 
the  3rd  vertebra  fits  into  an  inci- 
sion (a)  almost  in  the  centre  of  the 
part  of  the  ridge  belonging  to  plate 
II  and  the  tip  of  the  transverse 
process  of  the  4th  vertebra  is  simi- 
larly situated  on  the  ridge  on  plate 
III.  On  close  inspection  of  the 
ridge  we  find  that  the  long  teeth 
of  the  sutures  on  the  one  plate  fit 
into  those  on  the  others  in  such 
a way  that  they  almost  reach  to 
the  notches. 

Thei’e  is  thus  no  small  resemblance  to  Amphisile;  there  can  scarcely  be  any 
doubt  that  the  plates  marked  / — V in  Plate  I,  figs.  1 and  3 are  completely  homolo- 
gous. In  both  genera  no.  I is  firmly  attached  to  the  posttemporal  and  is  connected 
with  both  the  supraclavicle  and  the  clavicle  as  well  as  with  the  transverse  process 
on  the  2nd  vertebra;  nos.  II  and  III  are  connected  by  means  of  a prominent  ridge 
with  the  transverse  processes  on  the  3rd  and  4th  vertebrae,  the  ends  of  which  fit 
into  incisions  on  the  ridge;  the  plates  IV  and  V are  somewhat  different,  as  they 
have  no  ridge  in  Centrisciis  and  no  connection  with  vertebixe,  whilst  IV  in  Amphi- 
sile, sometimes  also  V,  possesses  a ridge  and  is  connected  with  the  vertebral 
column.  Nor  can  there  be  any  doubt  that  tbe  plates  of  the  upper  row  in  the  two 
genera  are  also  “general  homologues”  and  represent  each  other;  but  there  may  be 
some  doubt,  naturally,  as  to  whether  the  plates  in  Centriscus  marked  1,  2,  3 in 
PI.  I,  fig.  3 and  text-fig.  23,  are  strictly  homologous  with  the  plates  of  Amphisile 
in  fig.  1,  PI.  I indicated  by  the  same  numbers;  their  connection  with  the  plates  I, 
II  and  III  seems  to  be  in  favour  of  homology,  but  on  the  other  hand,  the  posterior 
plate  3 in  Centriscus  resembles  plate  5 in  Amphisile  both  in  form  and  in  the  fact 
that  it  is  connected  with  the  3rd  interspinous  bone.  If  the  numbers  given,  1,  2, 
3 are  correct  in  Centriscus,  compared  with  Amphisile,  then  the  posterior  plates,  4 
and  5 in  Amphisile,  are  not  developed  in  Centriscus  scolopax  and  C.  gracilis  (which 
is  in  complete  agreement  with  scolopax).  For  Centriscus  humerosus  Gunthkr  (14a, 
p.  523)  gives  4 plates  in  the  upper  and  4 in  the  lower  row,  but  so  far  as  I can 
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judge  from  the  figure  given  by  Richardson  (26,  PI.  34,  fig.  5),  the  number  of  plates 
in  this  species  are  just  as  in  the  other  two  species;  but  there  is  the  interesting 
difference  in  arrangement,  that  no.  IV  of  the  lower  row  has  become  larger  and 
moved  down  in  line  with  I — III  (and  at  the  same  time  almost  certainly  become 
provided  with  an  inner  ridge  and  connected  with  the  5th  vertebra);  no.  V is  like- 
wise larger  and  has  become  attached  by  suture  to  3 in  tbe  upper  row,  so  that  an 
extra,  completely  bounded  interspace  is  present  in  addition  to  the  two  in  the  other 
two  species.  In  this  peculiar  species  all  the  large  plates  of  the  skin  (also  the  ven- 
tral) are  much  more  conspicuous  than  those  in  C.scolopax  and  gracilis,  but  except 
that  there  are  some  enlarged  scales  along  the  dorsal  edge  of  the  trunk  (3  rows 
according  to  Gunther),  I see  no  fundamental  differences. 

I may  add  also  that  in  the  direction  of  the  teeth  on  the  sutures  between  the 
components  of  the  dorsal  cuirass  there  is  great  agreement  with  the  condition  in 
Amphisile.  There  is  however  the  great  difference  in  the  upper  row,  that  it  does 
not  contain  any  canal  for  the  lateral  line.  On  the  whole  I have  been  unable  to 
observe  any  lateral  line  on  the  trunk  of  Centrisciis,  but  only  on  the  head. 

The  ventral  cuirass  in  Centrisciis  is  represented  by  (a)  a paired  row  of 
bony  plates,  one  on  each  side  of  the  lower  edge  of  the  belly  and  {h)  an  unpaired, 
median  row  from  the  isthmus  to  the  anus,  broken  only  by  the  groove  for  the 
ventral  fins;  it  is  this  row  which  forms  the  above-mentioned,  sharp  ventral  keel. 

(a) .  Of  the  paired  plates,  6 form  a row  in  front  of  the  ventral  fins  (PI.  I, 
fig.  3,  1—6),  connected  ventrally  with  the  unpaired  row;  a 7th  (s)  lies  more  dor- 
sally,  inserted  above  2 and  3,  close  to  the  gill-opening.  The  largest  plates,  3,  4 
and  5 are  the  most  apparent  and  have  therefore  often  been  seen;  their  upper 
margin  is  somewhat  lobed  and  a central  lobe  especially  is  larger  and  more  distinct 
than  the  others.  Alongside  the  groove  for  the  ventral  fins  there  is  a shorter  row 
of  3 plates,  nos.  7 — 9,  the  last  of  which  is  the  largest  (plates  6,  7,  8 do  not  seem 
however  to  be  always  distinctly  developed).  On  the  outer  side  the  paired  ventral 
plates  have  a sharp,  longitudinal  ridge  with  other,  shorter  ribs  radiating  out  from 
its  centre;  one  of  these  runs  out  into  the  above-mentioned  marginal  lobe  on  the 
large  plates.  On  the  hindmost  plate,  9,  the  median  rib  forms  an  oblique  spine. 

(b) .  The  median  unpaired  row  is  composed  in  front  of  the  ventral  fins  of  5 
narrow,  compressed  and  sharply  keeled,  symmetrical  plates  (/ — V);  with  exception 
of  the  first  they  alternate  with  the  paired  plates  in  the  row  above;  as  in  the  latter 
the  inner  surface  is  smooth  and  concave,  the  outer  provided  with  ribs  which 
radiate  out  from  the  centre  of  the  base  of  the  keel.  Behind  the  groove  for  the 
ventral  fins  there  is  a strongly  keeled  or  almost  spiny  plate  (VI).  In  contrast  to 
the  dorsal  cuirass  the  components  of  the  ventral  armour  are  not  mutually  con- 
nected by  sutures,  but  overlap  each  other  at  the  margins;  the  keeled  scales  of  the 
belly  overlap  the  ventral  margins  of  the  paired  plates  of  both  sides. 

It  seems  certain  that  the  whole  ventral  armour  of  Centrisciis  may  be  regarded 
as  corresponding  to  that  in  Amphisile.  One  of  the  paired  plates,  at  any  rate, 


39 


77 


namely  the  small  plate  s in  PI.  I,  fig.  3,  seems  from  its  whole  position  between  the 
clavicle  and  the  other  plates  in  the  ventral  armour  to  correspond  with  the  small 
plate  indicated  by  the  same  sign  in  Amphisile  (s  in  PI.  I,  fig.  1),  but  in  the  case  of 
the  other  plates  I am  unable  to  carry  out  a detailed  comparison.  Starting  from 
the  position,  however,  that  the  more  primitive  features  are  to  be  found  in  Cen- 
triscus.  I should  imagine  that  the  condition  in  Amphisile  has  arisen  in  one  of  three 
ways,  as  already  indicated  earlier  (p.  50  (12)).  The  characteristic  rachis  on  the 
ventral  plates  of  Amphisile  together  with  the  faint  indications  of  ridges  connected 
with  their  lower  ends,  can  also  without  difficulty  be  considered  as  having  arisen 
from  the  ridges  on  the  plates  in  Centriscus^. 

(2).  The  true  scales  in  Centrisciis  have  been  described  by  L.  Agassiz  (la), 
Kner  (21b),  Vaillant  (33)  and  more  especially  by  O.  Hertwig  (16).  They  consist 
typically  of  a bony  plate  (“Basalplatte”  Hertwig)  imbedded  in  the  cutis,  from  which 
there  issues  a short,  median  stalk  or  keel,  which  again  broadens  out  into  the  scaly 
plate  (“blattartige  Knochenlammelle”,  Hrtw.),  which  is  seen  through  the  epidermis 
as  the  true  scale;  this  is  provided  on  its  upper  surface  with  at  least  one  median 
keel,  or  with  a smaller  or  larger  number  parallel  to  the  first,  alt  according  to  the 
size  of  the  scale;  the  posterior  margin  is  more  or  less  toothed.  The  basal  plate  is 
typically  rhomboidal,  with  angles  drawn  out  into  longer  or  shorter  points;  in  many 
cases  however  the  regular  type  is  changed,  as  the  number  of  the  points  may  be 
increased  or  one  or  two  may  even  disappear.  The  scale  plate  also  varies  a good 
deal.  The  simplest  scales  are  the  small  ones  found  on  the  eye  and  at  the  base  of 
the  pectoral  fins  or  the  unpaired  fins;  some  of  these  small  scales  have  preserved 
the  original  form  as  found  in  the  young  (see  below),  others  present  almost  all 
possible  transitions  to  the  complicated  scale  which  Hertwig  figures  (16,  PI.  I,  figs. 
15,  16).  The  largest  scales  of  the  type  represented  in  the  figure  cited  are  found 
on  the  sides  of  the  trunk.  Immediately  above  the  ventral  plates  the  larger  scales 
are  oblong,  with  basal  plates  which  are  likewise  oblong  but  with  the  margins 
between  the  anterior  and  posterior  angles  provided  with  more  or  fewer  teeth.  Still 
longer  and  narrower  scales,  but  of  a fairly  regular,  rhomboidal  shape  and  with 
quite  regular  rhomboidal  basal  plate  are  found  above  and  in  front  of  the  eyes; 
those  on  the  snout  are  even  longer,  almost  linear  in  form,  with  likewise  linear 
basal  plates^  more  than  3 mm.  long. 

We  find  the  original  form  of  the  scale  in  the  young  fishes.  The  Copen- 
hagen Museum  possesses  a number  of  the  developmental  stages  of  Centrisciis,  which 
have  been  described  and  partly  figured  by  Lutken  (24b);  most  of  them  are  referred 
by  him  to  C.  gracilis,  which  differs  but  little,  in  the  dermal  structures  not  at  all, 
from  scolopax-,  some  also  belong  to  this  species.  In  the  youngest  specimens,  ca. 
7 — 9 mm.  (cf.  Lutken  (24b),  PI.  I,  fig.  6),  both  the  scales  and  the  armour  are  very 
distinct.  All  the  scales  show  the  same  form ; they  consist  of  the  future  basal  plate, 
which  is  rhomboid  with  the  angles  drawn  out  into  fine  points;  on  their  antero- 
posterior diagonal  there  is  a thin,  vertical  keel  or  comb  which  terminates  poste- 
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riorly  as  an  oblique,  hooked  and  compressed  point.  The  scales  are  large  in  pro- 
portion to  the  size  of  the  fish  and  give  it  a spiny  appearance. 

The  components  of  the  dorsal  and  ventral  armour  are  quite  of  similar  type; 
apart  from  their  larger  size  they  only  differ  from  the  other  scales  in  that  a comb 
rises  from  each  half  lran.sverse  diagonal  and  is  connected  with  the  vertical  comb; 
this  transverse  comb  can  also  he  detected  on  some  of  the  other  scales,  e.  g.  near 
to  the  ventral  plates;  it  is  also  found  on  many  of  the  small  scales  in  the  adult. 
It  is  thus  quite  clear  that  the  large  plates  in  the  dorsal  and  ventral  armour  are 
simply  greatly  enlarged  scales.  The  plates  in  the  dorsal  armour  are  not  yet  con- 
nected by  sutui'es  and  those  of  the  ventral  armour  do  not  yet  overlap.  As  devel- 
opment proceeds,  the  basal  plates  gradually  become  very  large  in  proportion  to 
their  comb,  and  in  the  adult  the  latter  merely  appears  as  part  of  the  sculpture. 
The  sculpture  is  indeed  somewhat  different  on  the  elements  of  the  dorsal  and 
ventral  armour,  hut  in  both  it  is  easy  to  trace  the  common  ground-plan  found  in 
the  young. 

The  case  is  quite  different  with  the  other  scales;  in  most  of  these  the  comb 
on  the  scale  of  the  young  fish  develops  the  scale  plate,  described  above,  with  its 
ridges  on  the  upper  side,  its  marginal  teeth  etc.  The  basal  plate  and  the  scale 
plate  may  grow  equally,  or  the  one  or  the  other  may  develop  more  strongly.  In 
order  to  follow  the  different  stages  in  the  transformation  from  the  original  common 
type  in  the  young  to  the  different  forms  in  the  adult,  it  is  not  necessary  to  examine 
a number  of  young  stages  of  different  age  and  size;  in  the  adult  itself  a compar- 
ison of  a series  of  the  smallest  and  the  small  scales  with  the  larger  and  more 
complicated  gives  a correct  picture  of  the  process  of  development. 

It  appears  from  the  above,  that  Hehtwic.  was  wrong  in  his  view,  that  the 
large  bony  structures  of  the  skin  in  Centriscus  arose  from  fusion  of  the  smaller'®. 

The  endoskeleton. 

Vertebral  column  (PI.  II,  fig.  2 and  text-fig.  24).  This  consists  of  24  verte- 
brae, of  which  I refer  9 to  the  abdominal  and  15  to  the  caudal  region.  The  first 
5 vertebrae  are  elongated  and  much  stouter  than  the  others,  especially  the  first  4; 
further,  they  are  immovable  owing  to  the  manner  in  which  their  arches  are  con- 
nected and  because  their  spinous  processes  are  bound  to  the  greatly  enlarged, 
anterior  interspinous  hones,  as  also  from  their  connection  with  the  dorsal  armour; 
it  is  only  between  the  head  and  the  1st  vertebra  that  there  can  be  some  movement, 
in  the  direction  up  and  down.  Two  fairly  large  lateral  processes  (a)  from  the 
anterior  end  of  the  1st  vertebra  are  placed  in  deep,  transverse  grooves  in  the  exoc- 
cipital  (cf.  fig.  24);  they  seem  at  first  glance  to  be  transverse  processes,  serially 
homologous  with  those  on  the  following  vertebrse;  on  closer  examination  however 
it  seems  to  me  that  they  must  correspond  rather  to  the  anterior  articular  processes 
on  these;  their  position  on  the  anterior  end  of  the  vertebra  and  their  connection 
with  the  skull  is  in  favour  of  this;  to  the  groove  on  the  exoccipital  corresponds 
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on  each  of  the  5 elongated  vertebrae  a triangular  facet  posteriorly  on  the  basal 
part  of  the  arches,  into  which  the  strongly  developed,  anterior  articulating  process 
is  firmly  wedged,  without  permitting  any  movement.  Thus,  a true  transverse 
process  would  seem  to  be  absent  on  tlie  1st  vertebra,  just  as  iu  Amphisile  and 
many  other  bony  fishes.  The  transverse  processes  on  the  2nd,  3rd  and  4th  verle- 
brje  are  very  strong,  with  a flat  extension  at  the  base;  their  ends  are  firmly  hound 
bv  tight  connective  tissue  to  three  of  the  plates  in  the  dorsal  armour,  as  we  have 
already  seen  above. 

The  spinous  processes  of  the  first  to  third  vertebrae  are 
greatly  developed  (cf.  PI.  II,  fig.  2),  quite  filling  the  spaces 
between  the  likewise  enlarged  anterior  4 interspinous  bones; 
in  the  4th  vertebra  only  the  base  of  tbe  spinous  process  is 
enlarged,  its  upper  end  tapering  to  a slender  point  behind 
the  basal  part  of  the  4th  interspinal.  The  5th  vertebra,  tbe 
smallest  of  tbe  enlarged  group,  bas  the  transverse  processes 
shorter  and  more  slender,  pointing  forwards  but  not  reacbing 
tbe  armour  and  connected  only  by  connective  tissue  with  tbe 
posterior  end  of  tbe  ridge  on  the  third  scutum;  the  base  of 
tbe  spinous  process  is  somewhat  enlarged,  the  remainder 
slender  like  those  of  the  following  vertebrae.  In  the  6th 
vertebra  tbe  transverse  process  divides  distally  into  an  inner 
and  an  outer  branch;  on  the  7th  the  inner  branch  bends 
down  vertically,  on  tbe  8th  and  9th  it  meets  its  fellow  from 
the  other  side,  forming  basally  a narrow  canal  but  still  bi- 
furcating distally;  first  in  the  10th  vertebra  do  the  distal  ends 
merge  into  one  long  inferior  spine;  I therefore  take  this  vei- 
tebra  as  the  first  caudal  (cf.  above).  The  outer  branch  per- 
sists as  an  outwards  directed  transverse  process  (absorbing  a 
smallei',  posterior  process  which  in  some  specimens  is  devel- 
oped on  the  6th  and  7th  vertebrae);  gradually  decreasing  in  length  this  process 
eventually  disappears  on  the  caudals  (generally  about  the  8th  caudal  or  17th  ver- 
tebra). The  inferior  faces  of  the  last  three  abdominal  vertebrae  are  deeply  hollowed 
out  to  lodge  the  posterior  part  of  the  kidney.  The  6th  vertebra  is  movably  arti- 
culated to  the  5th,  and  the  following  as  is  usual  in  teleosts  are  movably  connected 
by  articular  processes.  The  upper  and  lower  spines  of  the  last  caudal  vertebrae, 
behind  the  dorsal  and  anal  fins,  are  distally  llatlened  and  somewhat  enlarged. 
Between  the  penultimate  upper  spine  and  the  last  (containing  the  urostyle)  an 
independent  piece  of  bone  is  intercalated. 

Ribs  are  wanting. 

Interspinous  bones  (PI.  II,  fig.  2).  As  in  Amphisile  the  interspinous  bones 
of  tbe  dorsal  fin  fall  into  two  groups,  an  anterior  consisting  of  4,  well-developed, 
with  the  lower  ends  placed  in  front  of  the  spinous  processes  of  the  1st  to  the  4lh 

I).  K.  I).  Vidensk.  Selsk.  Skr.,  7.  Biekke,  naturvidensk.  og  niathem.  Afd.  VI.  *2.  11 


Fig.  24. 

Centrisciis  scolupax.  The 
7 nnterior  alxloiiiinal  vcr- 
.seen  from  l)elo\v ; 
the  exoskeleton  removed 
from  the  left  side;  on  the 
right  side  the  lateral  plates 
I — V/tp)  are  seen  with  their 
ridge  1.  a:-  articnlar  pro- 
cess of  first  vertebra.  I ; n : 
openings  for  nerves  (cfr. 
fig.  1,  p.  40  t8) ). 


80 


42 


vertebne,  and  a posterior,  including  the  remaining  interspinals,  beginning  behind 
the  spinous  process  of  the  (5tb  vertebra;  just  as  in  Amphisile  there  are  thus  no 
interspinous  hones  in  front  of  the  5th  and  6th  vertel)r?e. 

In  the  first  group  the  first  two  nieinhers  Iiave  no  fin-rays;  the  lower  end  of 
their  stem  or  main  part  (i.  e.  the  |)art  containing  the  cartilaginous  axis)  reaches 
right  down  to  the  base  of  the  spinous  processes;  at  the  tips  of  these  the  interspi- 
nous hones  broaden  out  into  a thin  vertical  plate  (=  the  “dagger-blade”  of  an 

ordinary,  typical  interspinous  hone);  the  upper  margin  of  this  is  dilated  trans- 
versely and  forms  a kind  of  narrow  roof  along  the  middle  line  of  the  dorsum, 

supplemented  posteriorly  by  the  corresponding  part  of  the  8rd  interspinous  hone. 
Seen  from  above  this  roof  appears  broadest  in  the  centre;  the  central,  longest  and 
broadest  })art  belongs  to  the  2nd  interspinous  hone  and  is  connected  by  means  of 
a forked  suture  at  each  end  with  the  other  two  members;  the  roof,  which  is 
directly  under  the  skin,  is  covered  with  scales.  The  8rd  interspinous  hone  supports 
a fin-ray,  namely,  the  quite  small  dorsal  spine  (IV  in  PI.  I,  fig.  3 and  PI.  II,  fig.  2). 
It  is  the  longest  and  stoutest  interspinous  hone  in  the  whole  group;  its  thickened 
stem,  like  the  foregoing,  is  wedged  in  between  two  spinous  processes,  the  2nd  and 
3rd,  reaching  to  their  bases;  at  their  upper  end  it  likewise  broadens  out  into  a 
thin,  vertical  plate;  the  hindmost  part  of  this  is  somewhat  thicker  and  has  its 
posterior  margin  rounded  and  fitted  into  a longitudinal  furrow  along  the  anterior 
side  of  the  4th  interspinal;  the  upper  end  of  the  hind  margin  forms  a small 
thickening,  which  terminates  in  a short,  slightly  hooked  spine.  Upwards  the  stem 
becomes  thicker  and  immediately  under  the  skin  forms  a kind  of  longitudinal 
protuberance  (/),  longitudinally  grooved;  the  upper  ])oinled  end  of  the  posterior 
plate  in  the  upper  row  of  the  dorsal  armour  is  firmly  connected  with  this.  The 
4th  interspinous  hone  hears  the  enormous  dorsal  spine,  the  2nd  fin-ray  (/?),  and 
seems  at  first  glance  to  he  more  like  the  common  type  of  interspinous  bone  in 
bony  fishes;  its  lower  end  is  wedged  in  between  the  spinous  processes  of  the  3rd 
and  4th  vertebra'  hut  does  not  go  so  far  down  as  the  previous.  Closer  examination 
shows  the  same  parts  as  on  these;  the  stem  is  here  very  strong,  especially  at  the 
upper  end;  the  anterior  blade  is  here  represented  by  a low,  longitudinal  ridge, 
with  a deep  furrow  for  the  reception  of  the  posterior  edge  of  the  3rd  interspinal; 
the  posterior  blade  is  low  and  thin  (it  separates  the  two  musculi  depressores  for 
the  large  spine,  just  as  the  anterior  blade  along  with  the  hindmost  blade  of  no.  3 
separates  the  M.  erectores);  it  is  only  at  its  upper  end  that  it  becomes  heavier  and 
forms  there  a considerable,  compressed  process  it  in  fig.  2,  PI.  II),  the  point  of 
which  is  received  into  a deep  furrow  on  the  anterior  face  of  the  following,  the 
5th  interspinal.  On  each  side  of  the  upper  end  of  the  broad  and  heavy  stem 
there  is  a small,  independent  piece,  oval  above,  triangular  below,  / in  fig.  2,  PI.  II. 
In  position  this  corresponds  well  with  the  thickening  (/’)  on  the  3rd  interspinal, 
with  which  the  3rd  dorsal  plate  is  connected;  but  here  it  (/)  is  connected  by  suture 
with  the  intersi)inous  hone;  the  sutures  may  often  he  very  difficult  to  see,  hut  by 
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means  of  cross-sections  it  is  always  possible  to  make  sure  that  the  piece  is  inde- 
pendent; externally  it  covers  the  base  of  the  ray  and  extends  forward  under  the 
skin  uncovered  by  scales  as  a striped,  sculptured  surface  (like  a “ganoin”  hone 
(cfr.  PI.  I,  lig.  3 /)),  resembling  the  spine  itself.  On  the  inner  surface  towards  the 
base  of  the  spine  it  has  some  few,  semicircular  ridges,  which  fit  into  some  corre- 
sponding ridges  on  the  base  of  the  ray.  The  base  of  the  dorsal  spine  is  forked 
and  sits  directly  on  the  upper  end  of  the  interspinous  bone;  both  lateral  surfaces 
of  the  latter  are  also  provided  with  semicircular  ridges,  which  fit  in  between  corre- 
sponding ridges  on  the  inner  surfaces  of  the  fork  of  the  dorsal  s|)ine.  The  latter 
however  form  much  longer  curves  than  those  on  the  interspinous  hone;  both  sets 
are  very  sharply  cut  with  shining  surfaces;  they  are  more  numerous  than  those 
on  the  small  bone  / or  those  on  the  outer  side  of  the  ray.  The  whole  of  this 
highly  elaborate  apparatus  is  obviously  able  to  fix  the  dorsal  spine  in  any  definite 
position  (cf.  W.  Sorensen  32,  pp.65  — 66).  In  all  details  it  agrees  remarkably  well 
with  the  corresponding  apparatus  in  Amphisile  slrigata  and  punctiilata-,  as  in  these 
the  elaborate  articulation  belongs  to  the  41h  interspinous  hone;  on  the  sides  of  the 
articulation  there  are  the  same  paired  hones  /,  and  the  unpaired  hone  t in  the 
Amphisile  species  quite  corresponds  in  position  with  the  process  t in  Cenlrisciis; 
this  is  probably  an  independent  piece  originally,  which  fuses  later  with  the  inter- 
spinous bone. 

Taken  as  a whole,  the  4 anterior  interspinous  bones  and  the  corresponding 
spinous  processes  in  Centriscus  form  a vertical  bony  plate  which  builds,  together 
with  the  lateral  pillars  or  buttresses  formed  by  the  dorsal  armour,  a kind  of  tripos- 
stand  for  the  support  of  the  large  dorsal  spine. 

Of  the  interspinous  bones  of  the  second  group  the  first  (no.  5)  lies  behind 
the  point  of  the  6th  spinous  process,  the  following  5 (nos.  6—10)  each  in  front  of 
its  spinous  process  of  the  vertehrse  7 — 11.  The  distal  portion  of  the  first  three 
(nos.  5,  6,  7)  is  enclosed  in  the  memhrane  of  the  anterior  dorsal  fin.  The  first  (5) 
bears  a fin-ray,  as  a rule  movable,  the  third  spinous  ray;  but  in  many  specimens 
I find  that  the  spinous  ray  is  fused  with  the  interspinous  hone,  hut  so  that  the 
original  articulation  can  easily  be  detected.  The  front  .surface  of  this  interspinous 
bone  has  a deep  longitudinal  furrow  in  which  the  point  of  the  process  I of  the 
4th  interspinal  is  placed. 

The  two  following  interspinous  bones  (6  and  7)  are  always,  .so  far  as  I have 
seen,  fused  with  their  spinous  rays  4 and  5;  the  next  two  interspinals  (8  and  9) 
protrude  through  the  skin  as  short,  slightly  irregularly  shaped,  shining  points; 
these  also  represent,  very  probably,  rudimentary  spinous  rays  (hut  may  possibly 
also  he  only  modified  scales?).  The  10th  interspinous  bone  usually  has  a very 
small  spine  movahly  articulated  to  it  (PI.  Ik  fig- 2,  r’) ; it  is  the  first  ray  in 
the  second  dorsal  fin.  I sometimes  find  however  that  this  also  is  fused  with  the 
interspinal.  All  the  interspinous  bones  hitherto  mentioned  belong  to  the  type 
denoted  by  Bridge  (4)  as  “unisegmented”,  as  is  the  rule  indeed  for  interspinous 
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number  of  rays  I find  to  he  the 
4-  4 5 4-  n’ ; A:  19  - 20.  (n  often 

is  remarkable  that  the  long  rays 


bones  which  bear  spinous  rays.  All  the  succeeding  interspinous  bones,  as  also 
those  of  the  anal  fm,  are  “bisegmented” ; there  is,  namely,  at  their  distal  cartila- 
ginous ends  an  independent  cartilage  with  an  osseous  centre;  this  segment  is 

embraced  by  the  basal  part  of  the  ray.  The  rays  are 
composed  of  two  lateral  halves,  articulated  but  not  bran- 
ched. These  interspinous  hones  show  nothing  of  special 
interest;  they  are  formed  like  ordinarj^  interspinous  bones 
and  are  for  the  most  part  grouped  in  pairs  between  two 
spinous  processes  (some  variation  in  this  regard  occurs  in 
different  specimens). 

The  same  holds  good  for  the  interspinous  bones 
of  the  anal  fin;  the  first  of  these  is  the  largest  and  is 
placed  behind  the  long  haemal  spine  of  the  first  caudal 
vertebra 

The  most  frequent 
following:  D^;  12;  C:  n 
= 6,  n’  often  = 8).  It 

in  the  caudal  fin  agree  with  the  number  and  grouping  of 
those  in  Amphisile;  they  are  articulated  as  in  that  genius, 
whilst  the  shortest  of  the  small  marginal  rays  are  unarti- 
culated. 

Cranial  skeleton  (PI.  II,  fig.  2 and  text-figs.  25 —29). 
The  head  has  a similar  appearance  to  that  of  Am- 
phisile hut  is  less  compressed  and  the  lower  margin  ot 
the  preoperculum  is  not  developed  to  a thin,  transparent 
plate.  Regarding  the  skull  from  above  (fig.  25)  more  of 
the  separate  hones  can  be  seen  than  was  the  case  in  Am- 
phisile, as  the  posterior  part  of  the  skull  especially  is  here 
less  compressed;  namely;  supraoccipital  {so),  epiotic  (ep) 
(posttemporal  or  suprascapular  pt),  pterotic  (squamosum) 
(sf/),  frontals  (fr),  a quite  small  part  of  the  postfrontals 
and  prefrontals  (prf),  me.sethmoid  (mes)  as  also  the  vomer 
(no);  in  addition,  the  nasals  (no)  and  preorbitals  (ao). 
As  in  Amphisile  the  parietals  and  opisthotics  are  wanting. 
Iiv  front  the  supraoccipital  meets  the  frontals,  between 
which  it  sends  in  a fairly  long  process;  posteriorly  it  runs 
out  into  a fairly  large  process,  which  as  in  Amphisile  is 
connected  by  a ligament  with  the  first  interspinous  hone. 
The  frontals  do  not  reach  so  far  forward  at  their  anterior  ends  as  in  Amphisile. 
The  mesethmoid  (as  in  the  figure)  may  appear  between  the  frontals  and  the  nasals 
with  a quite  small  part,  then  be  covered  by  the  latter,  appearing  again  as  a short, 
slightly  broader  piece  between  the  nasals  and  behind  the  vomer.  The  posttemporal 


Fig.  25. 

Cciilrisni.’i  scolopax.  Skull,  seen 
I'roni  iiliove.  so:  sui)ra()cci))i- 
lal ; pp  : ajiiolic;  pi  : postlcni- 
|)oral;  sq:  pterotic;  /r:  frontal; 
prf:  prefrontal;  ao:  anlorl)i- 
tal;  mes  : inesetlinioid  ;,/ia  : na- 
sal; vo:  vomer. 
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bears  laterally  a sharp,  prominent  edge  which  is  continued  on  to  the  pterotic;  after 
a short  break  several  sharp  ridges  appear  again  on  the  orbital  margin  of  the  fron- 
tals;  they  collect  into  one  ridge  which  anteriorly  runs  out  on  the  nasal  towards 
the  tip  of  the  snout  and  posteriorly  spreads  over  the  broad  part  of  the  frontal. 
Essentially  the  same  hones  are  seen  from  the  lateral  aspect  of  the  skull  (PI.  II, 
lig.  2);  the  postfrontals  (pf)  are  naturally  more  distinct,  provided  with  a fairly  long 
postorbital  process,  which  at  its  end  (almost)  meets  the  hyomandibular ; of  the 
prefrontals  {prf)  only  quite  a small  part  is  seen  between  the  posterior  margin  of 
the  nasal  opening  and  the  orbit,  hounded  above  by  the  frontals,  below  by  the 
preorhilals  (ao).  The  last  (no)  overlaps  it  on  the  outer  side  and  forms  the  part 
seen  of  the  front  and  lower  boundary  of  the  orbit,  reaching  back  to  the  preoper- 
culum; in  front  the  preorbital  forms  the  thin  bridge  under  the  nasal  opening  and 
joins  on  to  the  nasal  a little  in  front  of  this.  The  nasal  is  very  long;  jmsteriorly 
it  forms  the  anterior  margin  of  the  nasal  opening  and  somewhat  further  forward 
it  projects  up  on  to  the  upper  side  of  the  snout  in  order  to  meet  the  nasal  of  the 
opposite  side  in  a suture,  then  separates  again  from  this  and  follows  its  side  of 
the  vomer  nearly  to  the  tip  of  the  snout. 

The  posterior  surface  of  the  skull  (lig.  2(1)  shows  as 
in  Amphisile  the  two  exoccipitals  (eo)  meeting  one  another 
round  the  foramen  (this  has  not  been  made  very  clear  in 
the  figure);  though  under  their  margins  the  supraoccipital 
also  reaches  to  the  foramen;  in  each  exoccipital  there  is  a 
deep  groove  (gr)  for  articulation  with  the  articular  process 
on  the  first  vertebra.  About  half  the  epiotics  (ep)  are  seen 
on  this  surface.  The  ])osttemporal  (/;/)  forms  a groove  for 
the  supraclavicle  (II)  at  its  junction  with  the  exoccipital. 

The  characteristic  hollows  on  the  posterior  surface,  present 
especially  in  A.  strigata,  are  also  faintly  indicated  here. 

Viewed  from  the  under  surface  the  skull  is  broader  than  in  Amphisile  but  as  in 
this  the  under  surface  is  distinctly  angular  anteriorly  and  the  parasphenoid  forms 
a similar,  blunt  angle  under  the  posterior  part  of  the  orbit;  it  is  also  hollowed 
out  ventrally  in  front  of  this  in  a similar  manner.  The  pterotic  is  also  the  most 
prominent  bone  on  the  cranial  surface  in  Centrisciis  and  likewise  separates  the 
exoccipitals  from  the  prootic,  forming  ventrally  a suture  with  the  basioccipital. 
The  prootic  forms  with  its  front  portion  the  lower  part  of  the  orbital  wall  of  the 
cranium  ; here  the  prootics  of  the  two  sides  meet  in  the  middle  line  and  roof  over 
a deep  canal  for  the  e3^e  muscles  (myodoma),  which  is  bounded  laterally  and 
below  by  the  parasphenoid  and  continues  posteriorly  for  a good  distance  into  the 
basioccipital.  (A  basisphenoid,  as  given  by  Stahks,  I have  not  been  able  to  find). 
Above  the  prootic  the  posterior  wall  of  the  orbit  is  formed  by  a small  alisphenoid 
and  a quite  insignificant  orbitosphenoid  as  well  as  by  the  postfrontal. 

The  vomer  as  in  Amphisile  is  thread-like  posteriori}'  under  the  middle  of 
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Fig.  ‘2(;. 

C.  scolopiix'.  Skull  from  behind. 
so  : supraooeipilal ; eo : exoccipi- 
tal; f/r  : groove  for  arliculalioii 
of  first  vertebra;  ep:  epiolic; 
pi:  posttcmporal. 
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the  parasphenoid’s  orbital  part,  then  broadens  out  evenly  and  forms  the  roof  of 
the  long,  tube-like  mouth;  here  its  margin  is  thickened  (with  a lateral  furrow  in 
the  thickening)  and  along  the  margin  are  sutured  the  upper  borders  of  the  ento- 
and  metapterygoid,  and,  towards  the  tip  of  the  snout,  the  palatine. 

The  intermaxillary  (/)  has  a weak,  hut  distinct  ascending  part;  as  in  the 
majority  of  bony  fishes  it  forms  the  upper  margin  of  the  mouth  and  like  the 
under  jaw  has  no  teeth.  The  maxillary  (77}.r)  is  fairly  broad,  especially  below; 
the  mandible  is  composed  of  the  usual  three  parts;  its  ascending  process  is  also 
composed  here  of  the  dental  (d)  aiid  the  articular  (ar).  The  angular  {any)  is  small, 
but  distinct  and  as  elsewhere  in  connection  with  the  front  end  of  the  interopcr- 
culum  (io)  by  means  of  a short  ligament.  A slight  indication  of  the  prominent 
hook  on  the  dental  in  Ainphisile  can  also  often  he  detected  here. 


Fig.  27. 

Ccntrisciis  S(o/()/)ii.r.  liif'lil  niaiiilibuhiry  siisppiisoriiim,  seen  IVoni  within.  I.ellers  as  in 

tig.  i:!  and  M (p.dl  (ffl)). 


Of  the  parts  of  the  suspensorium  (fig.  27)  the  hyomandihular  {liij)  is  long  and 
slender,  directed  obliquely  forwards  so  that  its  lower  end  lies  under  the  Iront  part 
of  the  orbit;  its  upper  end  is  as  usually  connected  with  the  postfrontal  and  the 
pterotic,  especially  with  a cartilaginous  process  on  the  latter  as  in  Ainphisile  and 
also  as  in  this  obviously  but  little  movable.  The  upper  part  of  the  inner  margin 
spreads  out  wing-like  and  almost  touches  the  prootic  and  the  portion  of  the  para- 
sphenoid  ascending  laterally  on  the  skull.  The  outer  margin  touches  the  lower  end 
of  the  postfrontal.  The  low'er  end  of  the  hyomandihular  is  cartilaginous  and  has 
the  same  position  as  in  Ainphisile.  The  symplectic  (sy)  is  connected  proximally 
by  means  of  connective  tissue  with  the  lower  cartilaginous  end  of  the  hyomandi- 
bular  and  by  a longer  ligament  with  the  inner  surface  of  the  epihyal  of  the  hyoid 
arch;  above  the  symplectic  is  connected  with  the  metapterygoid,  below  with  the 
preoperculum,  anteriorly  w'ilh  the  quadrate;  the  symplectic  sends  on  to  the  inner 
side  of  the  posterior,  low'est  point  of  the  last  a long,  thin  process  which  contains 
a permanent  cartilaginous  axis.  The  (|uadrate  {qu)  is  exceedingly  elongated,  a 
half-cylinder,  outwardly  convex,  with  almost  parallel  upper  and  lower  margins; 
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the  preoperculum  is  attached  to  the  lower  margin  almost  to  the  mandibular  arti- 
culation; from  this  on  the  outer  side  a longitudinal  ridge  runs  almost  the  whole 
length  of  the  quadrate  parallel  to  its  lower  edge  and  immediately  above  the  margin 
of  the  preoperculum.  The  short  anterior  margin,  above  the  articulation  for  the 
under  jaw,  is  attached  at  its  upper  part  to  the  small  ectopterygoid  (ekt).  Connected 
with  the  posterior  margin  of  the  latter  lies  the  long,  thin  and  narrow  entopterygoid 
(ept),  almost  completely  covered  externall}'  hy  the  upper  margin  of  the  quadrate; 
as  in  AmphisHe  the  upper  margin  of 
the  entopterygoid  is  connected  with 
the  vomer  in  under  the  i)rojecting 
margin  of  the  nasal;  posteriorly  the 
entopterygoid  joins  on  to  the  anterior 
end  of  the  metapterygoid  (mt),  the 
upper  end  of  which  continues  the 
attachment  to  the  beak  by  means  of 
a connection  with  the  lower,  outer 
margin  of  the  mesethmoid.  The  last 
is  ossified  to  a much  greater  extent 
in  Centriscus  than  in  Amphisile. 

The  palatine  (pa)  is  narrow  and  slender,  connected  anteriorh'  with  the  front 
end  of  the  vomer  and  also  with  the  ectopterygoid  and  entopterygoid;  at  its  poster- 
ior end  it  touches  the  anterior  point  of  the  nasal;  the  normal  process  which  pro- 
jects forward  over  the  upper  jaw  is  very  distinct  and  relatively  prominent. 

The  preoperculum  along  its  narrow  ascending  portion  covers  the  outer 
side  of  the  hyomandihular  from  the  articulating  cup  for  the  operculum;  under 

the  eye  its  anterior  margin  spreads 
out  somewhat  and  passes  over  into 
the  horizontal  part;  this  is  on  the 
whole  fairly  narrow  and  very  long; 
a toothed  ridge  along  the  ascending 
portion  is  continued  at  a hlunt  angle 
along  the  horizontal  portion. 

All  3 bones  of  the  gill-cover 
are  present;  the  operculum  — as 
already  mentioned  — has  a toothed 
ridge,  which  sends  out  a short  branch  backwards  at  the  projection  near  the  arti- 
culation with  the  hyomandihular.  The  i n t e r o p e r cu  1 u m (io,  fig.  27)  is  long  and 
thin,  its  posterior  end  broadened  out  slightly  to  a small  plate  on  the  inner  side 
of  the  suboperculum;  it  also  extends  along  the  inner  side  of  the  preoperculum 
and  quadrate,  reaching  distally  to  the  end  of  the  latter  at  the  mandibular  joint. 

Of  the  lateral  line  canals  one  is  very  distinct,  arising  in  the  frontal  over 
the  posterior  margin  of  the  orbit  and  continuing  above  the  nasal  openings  right 


C.  scolopax.  Higlil  hyoid  arch,  from  tlic  inner  side.  Letters 
as  in  fig.  28.  .\t  x is  fixed  the  ligament  for  uroliyal. 


st 


Fig.  28. 

C.  .‘scolopitx.  Itight  liyoid  arch,  from  the  outer  side,  si: 
stylohyal;  e/i : epiliyal ; e/i : ceratohyal ; litjl.  hijll:  hypoliyals; 
* groove  for  ligament;  **  groove;  for  leranehiostegals. 
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to  the  front  end  of  the  nasal;  further,  a quite  short  canal  pierces  the  anterior 
end  of  the  prominent  lateral  ridge  on  the  pterotic;  one  seems  to  pass  through  the 
postfrontal.  There  is  also  a canal  in  the  preoperculum  in  under  the  above-men- 
tioned ridge;  this  is  continued  as  is  usual  on  to  the  mandible.  On  the  other  hand, 
there  is  no  canal  on  the  antorbital  nor  on  any  of  the  other  cranial  bones,  and  I 
have  not  been  able  to  find  a lateral  line  on  any  part  of  the  body. 

The  hyoid  arch  (tig.  28  and  29)  consists  of  the  typical  number  of  bones;  as 
in  Amphisile  it  is  short  and  extends  posteriorly  here  also  only  as  far  as  almost  to 
the  front  margin  of  the  hypobranchial  of  the  first  gill-arch;  the  resemblance  with 
the  condition  in  Amphisile  is  on  the  whole  very  great;  here  also  the  stylohyal 
(s/)  is  only  seen  from  the  outer  side,  is  small,  rounded  and  articulated  into  the 
epihyal  (eh),  with  a depression  on  the  outer  side,  supplemented  by  the  epihyal, 
for  the  ligament;  the  epihyal  is  only  seen  but  little  from  this  side,  but  forms  a 
part  so  much  the  more  prominent  on  the  inner  side  (fig.  29).  By  far  the  greater 
part  of  the  arch  seen  from  the  outside  (fig.  28)  is  composed  of  the  ceratohyal 
(c/i),  which  in  contrast  to  Amphisile  here  overlaps  most  of  the  hypohyal  I,  and  a 
small  part  of  the  hypohyal  If  [hij  II)  is  here  seen  from  the  outer  side.  The 
b r a n ch  i o st  e ga  1 rays  are  also  fastened  here  in  a deep  groove  (**)  formed  by 
the  epi-  and  ceratohyal  and  overhung  above  by  a prominent  ridge.  Viewing  the 
hyoid  arch  from  the  inner  side  (fig.  29)  the  stylohyal  is  seen  to  be  covered  by  the 
lai  •ge  epihyal,  which  here  appears  as  the  second  largest  piece,  whilst  the  hypohyal 
1 is  by  far  the  largest;  the  hypohyal  II  has  a similar  size  as  in  Amphisile,  as  also 
the  ceratohyal.  Both  genera  are  thus  remarkable  for  the  great  development  of 
the  lower  hypohyal  and  the  great  shortening  of  the  stylohyal.  The  hranchi- 
ostegals  are  4 in  number,  the  first  short  and  much  thinner  than  the  others,  the 
last  the  longest  and  broadest.  In  a projection  of  the  margin  near  the  point  of  the 
lower  hypohyal  (at  ;r,  fig.  29)  is  attached  the  ligament  for  the  urohyal  (PI.  If, 
fig.  2,  ii),  which  is  of  good  size  and  has  a high  ventral  keel.  Posteriorly  the  urohyal 
becomes  broader  and  on  each  side  runs  out  into  a short,  prominent  corner  from 
which  springs  the  muscular  tendon,  which  in  Amphisile  is  ossified. 

The  glossohyal  is  long,  flattened  above,  with  a longitudinal  keel  below, 
and  extends  backward  a little  behind  the  posterior  end  of  the  hyoid  arch.  Behind 
this  comes  a long  basibranchial,  which  extends  to  the  hind  end  of  the  hypohran- 
chial  on  arch  II;  then 'comes  a short  and  thin  basibranchial  lying  between  the 
hypohranchials  of  arch  III  which  are  arched  somewhat  over  it;  as  in  Amphisile 
there  is  no  basibranchial  for  arch  IV,  the  two  sides  of  which  meet  in  the  middle 
line,  hut  immediately  behind  thei’e  is  here  also  a small  cartilage. 

The  whole  region  of  the  gill-arches  is  less  elongated  than  in  Amphisile,  the 
part  lying  above  the  gullet  especially  is  shortened,  and  more  like  the  condition  in 
most  of  the  bony  fishes.  The  upper  three  pharyngohranchials  II  — IV  bear  teeth, 
but  corresponding  to  the  relatively  much  shorter  skeletal  structure  than  in  Am- 
phisile the  tooth-plate  is  placed  transversely,  pear-shaped  in  circumference,  with 
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the  broad  end  towai’ds  the  middle  line;  the  posterior  as  in  Amphisile  is  the  small- 
est; the  pharyngobranchial  I is  present  as  in  Amphisile  but  does  not  seem  to  be 
ossified  here;  the  lower  pharyngobranchial  V has  an  oval  tooth  plate  on  the  upper 
surface.  For  the  rest,  all  the  essential  features  are  quite  the  same  as  in  Amphi- 
sile; epibranchial  I broad  (with  stronger  process  than  in  A.),  epibranchials  II  and 
III  short  and  heavy,  epibranchial  IV  narrower  and  more  slender,  epibranchials 
III  and  IV  connected  by  processes  etc.  Gill -rakers  are  present  here  on  all 
the  arches,  2 rows  on  each  with  exception  naturally  of  V,  which  has  only  the 
outer  row,  as  in  Amphisile,  above  the  tooth  plate.  The  gill-rakers  are  pointed, 
triangular  with  ossified  axis;  the  outer  (front)  row  is  the  largest,  especially  on 
arch  I where  the  rakers  of  the  inner  row  are  very  small;  on  arch  IV  and  on  the 
ceratobranchial  of  III  the  difference  in  the  size  of  the  rakers  in  the  two  row's  is 
not  great.  In  each  branchial  lamella  there  is  an  ossified  inner  axis^^. 

In  tabular  form  the  main  features  in  the  branchial  apparatus  would  thus 
be  the  same  as  in  Amphisile  (apart  from  the  condition  of  the  gill-rakers). 


Gill-arch 

Basibran- 

chials 

Hypobr. 

Ceratobr. 

Epibr. 

Pbaryngobr. 

Gill-raker.s 
1st  row 

Gill-rakers 
2nd  row 

I 

+ 

t 

-f 

+ 

+ 

( h) 

+ 

+ 

II 

+ 

+ 

+ 

+ 

+ 

+ 

III 

T 

+ 

+ 

JV 

V 

(+) 

+ 

4- 

+ 

+ 

+ 

+ 

+ 

The  pectoral  girdle  has  been  very  accurately  described  by  Starks  (30 
p.  631— 32)  in  Centriscus  (Macrorhamphosus)  sagifiie  Jordan  & Starks,  a species  from 
Japan  closely  allied  to  (if  not  identical  with?)  C.  scolopax  L.  To  Starks’  descrip- 
tion I have  only  to  add  a few'  remarks. 

Of  the  three  bones  composing  the  clavicular  arch  the  uppermost,  the  post- 
temporal, forms  part  of  the  skull,  being  suturally  united  w'ith  the  epiotic,  pterotic 
and  exoccipital;  near  the  suture  separating  it  from  the  latter,  on  the  posterior  face 
of  the  skull,  it  carries  a fossa,  in  w'hich  the  next  member,  tbe  supraclavicle,  is 
firmly  fixed  by  dense  connective  tissue.  The  supraclavicle  has  one  face  forwards, 
looking  into  the  gill  chamber,  another  naiTOW'er  looking  sidewards;  the  latter 
carries  the  sculptured  ridge,  mentioned  above,  the  thickened  upper  edge  of  which 
forms  a continuation  of  the  ridge  on  the  posttemporal  and  pterotic.  The  upper 
part  of  the  clavicula  forms  a broad  plate  bordered  below'  by  an  arcbed  sculptured 
ridge  (PI.  II,  fig.  2 c/)  seen  through  the  skin;  compared  with  Amphisile  the  first  part 
corresponds  to  the  lighter  shaded  part,  the  latter  to  cl  of  PI.  II,  fig.  1.  While  in 
Amphisile  the  first  part  is  on  the  outer  face  w'holly  concealed  hy  the  dorsal  armour 
and  with  its  upper  margin  only  touches  the  tip  of  the  transverse  piocess  on  the 
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second  vertebra,  it  is  in  Centrisciis  only  partially  covered  by  the  cuirass  and  with 
its  u|)per  margin  firmly  fastened  to  the  end  of  the  corresponding  transverse  process, 
this  besides  being  lodged  in  a Hat  pit  on  the  inner  face,  as  already  mentioned. 

As  to  the  scapular  part  I need  only  remark  that  the  front  end  of  the  coracoid 
(hypocoracoid  Starks)  remains  unossitied  as  in  Amphisile,  and  that  the  foramen 
of  the  scapula  (hypercoracoid  Starks)  is  enclosed  by  this  hone  alone,  as  in  Amphisile. 

Of  the  4 hasalia  the  lowest  as  in  Amphisile  is  very  large  and  here  also 
lakes  part  in  the  boundary  of  an  opening  o,  which  however  is  more  tissure-like'^. 

4'he  number  of  fin- rays  in  the  pectorals  I find  to  he  most  frequ- 
ently 15,  with  in  addition  as  in  Amphisile  a rudimentary  ray  on  the  upper  border; 
this  is  however  somewhat  more  developed  than  in  Amphisile.  As  in  the  latter  the 
rays  decrease  in  size  towards  the  lower  edge  of  the  fin ; 


they  are  all  articulated  and  unhranched. 


Fuhic  arch  (figs.  30,  31).  The  characteristics 
of  the  pubic  arch  are:  (1)  that  its  main  part,  i.  e.  that 
which  corresponds  to  the  arch  in  other  bony  lishes,  is 
directed  ohlicpiely  upwards  and  forwards  (PI.  II,  fig.  2, /), 
parallel  with  the  lower  end  of  the  postclavicle  which 
lies  immediately  to  the  outside;  in  most  other  bony 
fishes  the  pubic  hones  lie  more  horizontally  in  the 
abdominal  wall;  (2)  that  a long  horizontal  i)rocess  pro- 
ceeds from  the  posterior  end  of  the  main  part,  longer 
than  the  pubic  arch  itself  (PI.  II,  fig- 2,  p);  this  process 
along  with  its  fellow  forms  the  roof  of  a groove  into 
which  the  ventral  fins  can  he  folded. 


y 


Fig.  31. 


Fig.  30. 


('.I’lilr.  .scoZo/jd.r. 
I’liiiic  arch  troiii 
al)()v('.  i:  crisla 
superior;  It:  lor- 
ainen  for  tlie 
tendons  of  the 
upper  museles 
of  the  fin-rays; 
p : horizontal 


below.  Fetters 
as  in  fig.  ISO.  .c: 
opening  for  the 
tendons  of  the 
ventral  museles 
of  the  tin-rays; 
f/:  artieulation 
for  the  fin-rays. 


If  we  compare  this  with  the  pubic  arch  in  such 
spinous- rayed  fishes  as  Sebastes,  Labrax,  Triyla,  Coitus 
etc.  it  is  easy  to  see  that  the  essential  features  of  the 


process. 


arch  in  them  are  repeated  in  the  anterior  erect  portion  in  Centrisciis-,  it  is  ex- 
clusively on  this  portion  that  the  muscles  of  the  ventral  fin  rays  are  attached. 
The  thin,  very  prominent,  lateral  projection  / corresponds  to  what  Winther  (35) 
has  called  Crista  superior  in  Trigla,  Cottas  etc.;  the  process  e projecting  ventrally, 
which  bends  inwards  posteriorly  and  becomes  suturally  connected  in  the  middle 
line  with  its  fellow  of  the  opposite  side  is  Winther’s  crista  inferior.  The  arran- 
gement of  the  muscles  is  in  agreement  with  this  (so  far  as  I have  been  able  to 
determine  from  my  badly  preserved  material);  the  dorsal  muscles  for  the  fin-raj's 
(i.  e.  Adductores  and  Ahductores  superiores,  Winther,  minus  the  Abductor  for  the 
outermost  ray)  take  up  the  space  between  the  median  suture  of  the  pubic  arch  and 
the  crista  superior  i and  pass  through  the  hole  h to  the  base  of  the  fin-rays;  the 
lateral  muscle  (Abductor  superior  Wthr.  for  the  outermost  ray,  the  spinous  ray) 
occupies  the  space  between  the  two  cristte  i and  e;  and  finally  the  ventral  muscles 
(Adductores  and  Ahductores  inferiores  Wthr.)  occupy  the  space  between  the  pubic 
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arch  and  the  crislae  inferiores  e of  the  two  sides,  so  that  they  pass  out  to  the 
fin-rays  through  the  opening  x in  fig.  31.  The  long  horizontal  process  p corre- 
sponds to  the  one  which  projects  from  the  corresponding  position  in  the  above- 
mentioned  spinous-rayed  fishes,  short  in  Sebastes  and  the  Cottoids,  long  in  Trujla, 
and  here  also  lies  in  the  musculature  of  the  abdominal  wall;  hut  in  Centrisciis 
it  has  obtained  a much  more  considerable  size  in  comparison  with  the  true  pubic 
bones,  corresponding  to  the  new  function  of  covering  the  ventral  fins;  in  addition 
to  this,  the  crista  superior  has  become  connected  with  it  and  contributes  to  its 
formation,  thus  producing  the  hollow  /?.  The  articulating  surface  for  the  rays  of 
the  ventral  fin  lies  in  front  of  this  hollow,  at  y in  fig.  31. 

Compared  with  Amphisile,  it  is  evident,  that  the  pubic  arch  in  the  latter 
corresponds  to  the  main  j)ortion  of  the  arch  in  Centrisciis,  the  process  p not  being 
developed  at  all.  In  both  genera  the  arch  is  directed  upwards  iu  a similar  manner, 
hut  the  much  greater  compression  of  the  abdomen  in  Amphisile  has  inlluenced 
the  pubic  arch  to  a much  greater  extent  both  with  regard  to  form  and  position 

The  number  of  rays  in  the  ventral  fins  is  5;  the  outermost  ray  is  a 
perfectly  typical  spinous  ray,  shorter  than  the  others  and  without  the  covering  of 
rows  of  dermal  teeth  (scales),  which  are  characteristic  of  the  remaining  rays, 
especially  on  the  proximal  part;  the  spinous  ray  may  be  pre.ssed  close  up  against 
the  considerably  longer  2nd  ray  and  is  thus  easily  overlooked.  The  other  four 
rays  are  double,  articulated  and  dichotomously  branched.  The  ventral  fins  are 
situated  quite  close  together  but  do  not  seem  to  be  fused’®. 

Remaining  anatomical  features. 

Musculature.  The  stiffness  of  the  anterior  portion  of  the  trunk  also  has 
a certain  influence  in  Centriscus.  Of  the  dorsal  part  of  the  lateral  muscles  of  the 
trunk  the  portion  lying  under  the  dorsal  armour,  along  the  elongated,  immovable 
vertebrae,  shows  some  amount  of  transformation,  recalling  that  in  Amphisile.  The 
whole  of  this  has  in  fact  become  one  mass,  in  which  the  segmentation  can  only 
he  seen  with  difficulty;  towards  the  back  part  only  can  the  myomeres  be  seen. 
In  front  this  muscular  mass  is  firmly  attached  to  the  postoccipital  surface  of  the 
skull,  especially  above  by  means  of  strong  tendinous  ends  to  the  ridge  along  the 
side  of  the  supraoccipital;  the  lower  margin  further  back  is  strongly  tendinous  and 
the  tendons  run  back  to  become  attached  to  the  transverse  processes  of  the  movable 
abdominal  vertebrae.  The  remaining  part  of  the  dorso-lateral  musculature  is  seg- 
mented as  usual,  likewise  the  ventral  portion  on  the  tail  and  the . sides  of  the 
body;  but  a part  of  the  latter  is  extremely  thin  and  becomes  weaker  and  thinner 
forwards;  all  musculature  is  lacking  on  a triangular  area  between  the  broad  upper 
portion  of  the  clavicle,  at  the  base  of  the  postclavicle,  and  the  weak  intermuscular 
ligament  which  springs  from  the  transverse  process  of  the  4th  vertebra;  the  area 
in  question  is  partly  covered  over  by  the  portion  of  the  dorsal  armour  which  lies 
below  the  ridge  and  corresponds  to  the  non-muscular  area  in  Amphisile  through 
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which  the  swim-hladder  can  be  seen.  The  innsculalnre  of  the  2nd  dorsal  fin,  the 
caudal  tin  and  the  anal  lin  show's  nothing  remarkable;  as  in  Arnphisile  the  muscles 
are  large  which  move  the  two  rays  of  the  caudal  fin  towards  one  another,  wdiich 
are  situated  on  the  boundary  respectively  of  the  upper  and  low'er  hypural  bones. 

With  regard  to  the  first  dorsal,  the 
muscles  for  the  first  spinous  ray,  on  the 
3rd  interspinous  hone,  are  weak ; of  those 
to  the  2nd,  the  large  dorsal  spine  on  the 
4th  interspinal,  the  anterior,  M.  erector, 
is  very  powerful;  its  muscular  mass  fills 
the  w'hole  of  the  space  between  the  in- 
terspinous hones  3 and  4;  it  is  pennate 
with  a distinct  tendinous  strip  in  the 
middle,  which  increasing  in  thickness  is 
continued  into  a tendon  attached  in  front 
of  the  base  of  the  ray.  The  posterior, 
M.  depressor,  is  much  weaker  and  lies 
practically  hidden  under  the  projecting 
lateral  ridge  of  the  interspinous  bone. 
Very  w'eak  muscles  are  jiresent  round 
the  3 following  interspinous  bones,  hut  they  have  no  tendon  for  the  spinous  rays, 
which  with  exception  of  the  first  are  immovably  fixed  to  the  interspinous  bones, 
f have  not  been  able  to  find  any  muscular  fibres  round  the  posterior  interspinous 
bones  for  the  1st  dorsal  fin. 

There  are  4 complete  gills  on 
each  side  and  a large  pseudohranch 
with  numerous  well-developed  laminaj. 

As  in  Arnphisile  there  is  a slit  between 
the  hindmost,  gill-bearing  arch  and  the 
lower  pharyngeals,  surrounded  by  short 
gill-rakers.  The  first  part  of  the  alimen- 
tary canal  (oe,  fig.  32)  is  fubelike 
and  provided  internally  wdth  high  and 
numerous  longitudinal  folds,  just  as  in 
Arnphisile;  but  in  contrast  to  the  latter, 
the  oesophageal  part  is  short;  it  passes 
over  with  abrupt  cessation  of  the  longi- 
tudinal folds  into  the  succeeding,  con- 
siderably wider,  thin-walled  portion  (/),  wdiich  is  clothed  inwardly  wdth  much 
w'eaker  folds  arranged  in  a net-w'ork;  this  continues  posteriorly,  decreasing  slightly 
and  quite  evenly  in  diameter.  The  biliary  duct  (bd)  opens  as  in  Arnphisile  into 
the  ventral  side  of  the  first  part  of  this  section  of  the  canal,  but  at  a fairl}'  con- 


Kig.  33. 

C.  VisccTa  from  riglil  side,  h:  KJdl-l)laddfr; 

/)(/ : t)ilc-(liict ; /:  spleen.  Ollier  lelters  as  in  lij;.  32. 


C.  scoloixix.  Viseera  seen  from  llie  left  side.  II  IV: 
transverse  proeesses  of  2nd— 4lli  vertebra;  /is:  lia-omd 
spine;  oe;  oesopliagus;  i:  intestine;  r:  reetnm;  Ii:  liver; 
c:  liearl;  lit:  tliymus;  re':  liead-kidney ; re:  kidney; 
s:  swim-bladder;  go:  ovary. 


53 


91 


siderable  distance  from  the  termination  of  the  tnhe-like  oesophagus;  in  some  spe- 
cimens there  is  outwardly  a slight  constriction  immediately  in  front  of  the  place 
where  the  biliary  duct  enters,  which  might  seem  to  be  the  natural  boundary  for 
the  stomach;  internally,  however,  no  boundary  can  be  seen,  so  that  this  constric- 
tion is  probably  quite  accidental,  ])roduced  by  the  contents  of  the  intestine.  A true 
pyloric  constriction  is  likewise  just  as  little  developed  here  as  in  Amphisile,  and 
even  if  the  part  corresponding  to  the  stomach  is  somewhat  larger  in  Centrisciis  yet 
it  may  he  said  that  a true  stomach  is  not  developed  here  either.  There  is  no 
trace  of  appendices  [jyloricie.  The  abdominal  cavity  is  relatively  shorter  than 
in  Amphisile,  and  this  is  probably  the  reason  for  some  small  difference  from  the 
latter  form  in  regard  to  the  position  of  the  remaining  part  of  the  canal.  Seen 
from  the  left  side  (fig.  32)  the  position  of  the  intestines  is  quite  similar;  thus  the 
small  intestine  runs  backwards  in  the  abdominal  cavity,  bends  over  in  a sling 
towards  the  right  side  and  runs  forwards  almost  as  far  as  the  entrance  of  the  biliary 
duct;  here  it  bends  upwards  and  again  runs  backwards  a short  distance,  again 
turns  foi’wards  in  a sling  round  the  spleen  (/)  then  bends  round  again  and  runs 
almost  straight  backwards  to  end  at  a distinct  boundary  in  the  rectum  which  is 
here  fairly  long.  Seen  from  the  right  side  (fig.  33)  the  windings  of  the  gut  difi'er 
a good  deal  seemingly  from  the  condition  in  Amphisile;  more  closely  seen,  however, 
the  difference  is  small;  if  the  whole  sling  embracing  the  spleen  is  turned  forwards, 
we  have  exactly  the  same  condition  as  in  Amphisile. 

The  contents  of  the  intestine  in  2 specimens  I examined  consisted  of  large 
masses  of  Mysidie,  in  a 3rd  of  Cumacese,  Copepoda  and  small  Annelids. 

The  liver  {h)  has  two  main  portions,  a large  left  part  divided  into  a larger, 
lower  and  a smaller,  upper  lobe,  and  a small,  undivided  right  part.  The  gall- 
bladder (b)  lies  on  the  concave  surface  facing  backwards  where  the  right  part 
joins  on  to  the  common  part  connecting  the  lobes. 

In  contrast  to  the  condition  in  Amphisile  the  liver  lies  quite  close  behind  the 
heart  (c)  and  the  hepatic  vein  is  thus  exceedingly  short. 

The  heart  (c)  is  also  far  removed  from  the  ventral  margin  here  and  lies 
obliquely  with  the  bulb  pointing  forward  and  downward.  The  aorta  lies  on  the 
right  side  of  the  elongated  vertebrae;  it  is  accompanied  by  2 cardinal  veins,  of 
which  the  right  is  by  far  the  larger.  The  large  arteries  to  the  pectoral  fins  are 
given  off  from  the  aorta  close  behind  the  junction  of  the  aortic  roots,  and  the 
A.  coeliaca  arises  a little  in  front  ventrally  and  somewhat  to  the  right;  the 
A.  coeliaca  runs  on  the  right  side  of  the  oesophagus  and  also  further  just  as  in 
Amphisile;  here  also  a branch  is  given  off’  to  the  under  side  of  the  swim-bladder, 
destined  for  the  “rete  mirabile”. 

The  venous  system  is  in  the  main  just  as  in  Amphisile;  hut  as  already 
mentioned  the  trunk  for  the  vena  hepatica  is  extremely  short,  in  fact  is  not  |)re- 
sent;  it  can  be  seen,  however,  that  the  branches  from  the  lobes  of  the  liver  meet 
in  a common  opening  in  the  sinus  venosus;  quite  close  to  this  on  the  sinus  venosus 
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we  find  the  opening  of  the  two  large  veins  from  the  pectoral  fins,  which  in  Am- 
phisile  ran  into  the  large  trunk  of  the  V.hepatica. 

The  s w i m -h  1 a d d e r (s)  extends  from  over  the  oesophagus  to  over  the  anter- 
ior end  of  the  genital  organs;  it  is  provided  with  a very  similar  horseshoe-shaped 
“rete  mirahile”  to  that  found  in  Amphisile,  asymmetrical  as  in  that  form  with  the 
right  horn  a little  shorter  than  the  left. 

The  kidneys  (re)  are  fu.sed  together  posteriorly  to  a fairly  large,  triangular, 
compressed  mass,  which  is  bounded  behind  by  the  long,  hamial  spine  of  the  first 
caudal  vertebra;  it  is  penetrated  by  the  short,  haiinal  spines  on  the  last  two  abdo- 
minal vertebra';  anteriorly,  dorsally  to  the  swim-hladder,  it  divides  into  two  thin- 
ner tracts  along  each  of  the  cardinal  veins,  broadening  somewhat  in  the  inter- 
spaces between  the  transverse  processes  of  the  elongated  vertebrae;  above  the  ante- 
rior end  of  the  swim-hladder  it  widens  out  on  each  side  into  a considerable 
“head-kidney”  {re),  which  even  extends  forward  beyond  the  trunk  under  the  skull; 
it  is  pierced  by  the  nerves  for  the  pectoral  fins.  The  narrow  part  of  the  kidney 
lying  under  the  spinal  column  here  contains  canaliculi;  these  are  wanting  however 
in  the  front  portion,  so  far  as  I have  seen.  A urinary  bladder  seems  also  to  he 
wanting  here. 

Genital  organs.  The  ovaries  (yo)  are  only  confluent  in  the  posterior  half, 
the  first  half  being  free;  the  common  oviduct  lies  as  usual  dorsally  to  the  rectum. 
The  ovarial  lamelhe  are  placed  transversely.  From  the  anterior  end  of  the  ovary 
a large  vein  runs  along  the  free  margin  of  the  mesoarium  to  the  Ductus  Cuvieri. 

1 have  not  seen  the  testes;  the  4 specimens  dissected  by  me  were  all  females i®. 


N otes. 


Amphisile. 

1;  p.51  (13); 

Tlie  exoskcleton  in  Amphisile  has  been  mentioned,  it  need  hardly  lie  said,  in  all  descrip- 
tions of  the  species  right  from  the  earliest;  hitherto,  however,  all  the  statements  regarding 
it  have  kept  to  what  could  he  seen  directly  from  the  outside  of  the  fish  and  even  the  mo.st 
complete  descri])tions  contain  errors.  Whilst  the  dorsal  armour  could  hardly  escape  atten- 
tion, the  ventral  armour  with  its  much  thinner  and  weaker  parts  has  often  been  quite  over- 
looked or  — not  least  in  recent  years  - (juite  misunderstood.  Linnk  (23a,  p.  33(5)  brought 
together  in  concise  form  the  essential  i)oints  known  in  his  time  regarding  this  genus;  lor  the 
genus  Cenlrisciis  (=  Ami)hisile{n)  Klein)  he  names  only  the-  dorsal  armour:  “Corpus  dorso 
loricatum”,  for  the  sjjecies  C.sciilatiis  likewise:  “Singularis  i)iscis  loricatus  testa  ossea  longi- 
tudinali  postice  in  spinam  terminata,  sub  cjua  cauda”.  This  is  rcjjeated  in  E<i.  XII  (23 h, 
p.  lloj  (where  however  the  diagnosis  of  the  genus  is  altered  owing  to  the  inclusion  of  the 
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species  C.  scolopctx).  In  Gmelin’s  edition  of  the  Sj^steina  Natura;,  Kd.  XIII  (23c,  j).  14(50)  the 
ventral  plates  are  also  mentioned:  “Dorsum  scutis  “laberrimis,  auratis,  arctissime  inter  se 
conjimctis  tectum,  posterius  longa  cnspide  armatum;  abdomen  scntis  10—12,  in  mars^ine  infe- 
riori  mendjrana  tenui  laxius  andjinatis”.  Lacepede  (22,  p.  114  el  se(j.)  in  his  detailed  descri])- 
tion  comi)ares  dn)/;/n'.s'/7e  with  a turtle,  especially  with  “la  lorliie  Inlh”,  which  is  said  to  lack 
the  ventral  shield.  It  is  stated  however,  j).  118:  “Chacine  cole  dii  corps  esl  f^arni  de  dix  on 
onze  jjieces  ecailleiises,  minces,  et  ])lacees  transversalement.  Pdles  sont  relevees  dans  leur 
milieu  par  line  arete  horizontale;  et  la  suite  de  tontes  les  aretes  qui  ahoutissenl  l ime  a I’autre, 
forme  line  llf'ne  laterale  assez  saillante.  Ges  lames  sont  iin  pen  arrondies  dans  leiir  jiartie 
inferieiire,  et  reiinies  avec  les  lames  dii  cole  oppose  jiar  line  ])ortion  memhraneiise,  tres- 
mince,  qiii  fait  jiaraitre  le  (lessons  dii  corps  tres-carem* This  description  shows  on  the  one 
hand,  that  Laccpede  has  noticed  the  plates  of  the  ventral  armour,  hut  on  the  other  hand 
that  he  has  quite  misunderstood  these;  he  obviously  unites  them  with  the  jiart  of  the  dorsal 
armour  which  lies  ventral  to  the  connection  with  the  s])inal  column;  only  in  this  way  can 
he  make  them  divided  at  the  continuous  horizontal  ridf^e,  which  is  obviously  due  to  the  lower 
mai'f'in  of  the  dorsal  armour.  Cuvier  (7a,  )).  2(59)  states:  “Le  dos  est  cuirassi)  de  lar{»es  jiieces 
(icailleuses,  dont  IT'pine  anti'rieure  de  la  premiere  dorsale  a lair  d’etre  une  continuation  (he 
thus  considers  the  dorsal  siiine  as  a spinous  ray).  Les  uns  out  memes  d’autres  jiieces  ecail- 
leuses  sur  les  Hanes’’.  In  the  2nd  edition  of  (5uvier’s  “Lemons  d’Anat.  com]).’’  (7h)  the  followiiiff 
is  added  (by  Lauhillardi,  after  some  remarks  on  the  spinal  column,  Vol.  I,  p.  229:  “Les  ajK)- 
])hyses  transverses  semhlent  manquer;  mais  iieut-etre  la  cuirasse  qui  rccoiivre  le  corjis  de 
ces  ])oissons  et  que  Ton  a prise  jusqu’a  jiix'sent  pour  un  comiiosi'  d’ecailles,  est  elle  formee 
par  ces  apophJ^ses,  comme  la  carapace  des  tortues  l est  par  les  ci'ites  et  les  apo])hyses  ()])i- 
neuses  des  vertehres”. 

Agassiz  (lb,  p.  274)  gives  a short  description  of  the  genus  Ainphisile,  most  probably  made 
from  A.  striyata,  as  he  mentions  that  the  dorsal  s])ine  “se  termine  par  un  rayon  articulij”. 
The  description  is  correct  in  all  essentials  — excejit  that  Agassiz  like  most  other  authors 
considers  the  hones  in  the  first  dorsal  fin  siinjily  as  rays.  The  ventral  armour  is  not  men- 
tioned the  first  time  (1  a,  Vol.  I,  p.  90)  when  he  characterises  the  dermal  plates  in  Amphisile 
in  the  following  manner:  “Les  Amphysiles  out  de  veritahles  ()cussons  ganoidiques,  e’est-a-dire 
reconverts  d une  couche  d email,  au-dessous  de  laquelle  des  canaux  medullaires  rayonnent 
en  avant  et  en  arriere.  Ces  ((‘cussons  sont  engiTmes  les  uns  avec  les  autres  j)ar  des  hords 
scies  en  jieignes”.  In  the  later  description  cited,  Vol.  IV,  Agassiz  seems  however  to  have  be- 
come aware  of  the  ventral  armour,  as  he  says:  “Des  jilaiiues  trcs-comprimees,  plus  nom- 
breuses  que  celles  du  do.s,  forment,  tout  le  long  du  ventre,  une  quille  tranchante  qui  est 
embrassee,  dans  sa  partie  anterieure,  par  deux  lames  tranchantes  ajipartenant  an  prihipercule’’. 
“Tout  le  long  des  cotes,  on  remarque  un  espace  ([droit  qui  n’est  iioint  reconvert  par  les  jilaques 
([•cailleuses”.  But  as  he  states  (ibid.,  j).  273— 27(5),  in  the  special  descriiition  of  the  skeleton  in 
A.  scutata  : “Des  arceaux  corm^'s,  semblables  aux  jiieces  sternales  du  hareng,  ceignent  les 
cavit(?s  abdominale  et  interpectorale,  et  tlennenl  lieu  de  c(')tes,  qui  manquent  completement’’, 
Agassiz  cannot  have  been  quite  clear  as  to  the  ventral  armour.  Heckel  (15  pj).  223  and  225) 
calls  them  “Kielripjien  (ciites  sternales  Agass.)’’  and  believes  that  similar  formations  are  lacking 
in  (k'nlriscus.  The  same  view  of  jiarts  of  the  ventral  armour  as  replacing  ribs  ajipears  again, 
though  in  more  definite  form,  in  CiiNTHER;  the  latter  has  jierhaps  taken  the  idea  from  Agassiz, 
and  from  Lacepede  or  Cuvier  (Laurillard)  the  comparison  with  the  turtle,  which  has  had  a 
very  unfortunale  inHuence  on  his  and  more  recent  views  of  the  exoskeleton  in  this  fish. 
His  views  of  this  and  of  its  relation  to  the  inner  skeleton  are  summed  iq)  by  GOnther  both 
in  the  Catalogue  (14a,  j).  527)  and  in  the  “Introduction’’  (44  b,  ]).  510j  in  the  following  sentences: 
“Ani/)/i/.s//c  may  be  considered  as  a Chelonian  form  among  fishes  ”,  a conclusion  found  through- 
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out  a series  of  misinterpretations.  Ai)art  from  these,  which  I shall  point  out  directly,  and 
from  various  other,  less  correct  data  which  will  he  dealt  with  later,  (Iiinther  has  described 
this  form  in  a more  detailed  manner  than  most  of  the  other  authors,  not  excepting  Agassiz, 
and  on  many  jioints  (Iuntheu's  account  is  good  and  correct  so  far  as  it  goes.  The  dorsal 
cuirass  is  described  (p.  526)  correctly  in  all  essentials;  that  G.  counts  6 jilates  in  the  lower 
row  (the  lateral)  has  arisen  from  the  fact  that  he  has  not  recognised  the  su])raclavicle  as 
such  hut  takes  it  to  be  a jilatc  of  the  cuirass.  On  the  other  hand,  he  has  rightly  recognised 
the  part  of  the  clavicle  as  such  icl  in  my  lig.  1,  PI.  I)  and  keejis  it  distinct  from  the  true  dorsal 
armour.  It  may  be  sjiecially  mentioned  that  G.  was  the  first  who  suspected  the  true  nature 
of  the  dorsal  sjiine,  as  he  says:  “The  long  moveable  (should  he  immoveable!)  spine  in  which 
the  cuirass  terminates  is  evidently  an  interncural,  since,  in  the  second  species,  the  first  siiine 
of  the  dorsal  fin  is  joined  to  it”.  It  is  only  the  dorsal  cuirass  that  G.  regards  as  true  armour; 
this  is  shown  already  in  his  diagnosis  of  the  genus  (p. 524)  where  it  is  only  stated:  “Body  — 
jirovided  with  a dorsal  cuirass  which  is  formed  by  portions  of  the  skeleton”;  and  later  under 
the  description  of  A.scntcttn  (p.  525)  it  is  said:  “The  whole  head  and  back  are  cuirassed  with 
smooth  bony  plates,  whilst  the  abdomen  is  covered  with  a very  tough  skin”,  and  in  more 
detail  on  ji.  526:  “The  inferior  half  of  the  side  of  the  trunk  is  covered  by  a transparent  tough 
covering,  which  passes  into  a broad  cutting  fringe  interiorly;  this  fringe  extends  the  whole 
length  of  the  abdomen,  and  the  whole  covering  is  supported  by  the  coracoid  and  by  seven 
or  eight  ribs”.  G.  has  thus  in  the  first  place  not  noticed  the  boundaries  of  the  plates  from 
one  another  and  in  the  second  quite  misunderstood  their  structure;  his  coracoid  and  the  7 
or  8 ribs  are  in  fact  merely  the  rachides  on  the  lateral  plates  (the  “coracoid”  is  the  rachis 
on  the  5th  plate;  see  later).  This  misinterjirctation  is  in  complete  agreement  with  the  whole 
of  Gunther’s  incorrect  views  on  the  morphology  of  the  dorsal  armour,  expressed  (1.  c.,  p.  527*) 
in  the  following  words:  “1  am  of  opinion  that  the  dorsal  cuirass  is  not  a dermal  production, 
hut  formed  by  modified  parts  of  the  endoskeleton;  its  composition,  the  number  and  position 
of  its  single  parts,  and,  linally,  the  first  dorsal  spine,  which  in  A.  pnnclulala  is  so  singularly 
attached  to  it,  favour  this  opinion.  The  plates  which  occupy  the  vertebral  line  would  corre- 
spond  to  the  neural  spines,  and  the  lateral  ])lates  on  which  the  ribs  are  sus])ended,  to  the 
para])0])hyses.  Aniplusile  may  he  considered  as  a Ghelonian  form  among  fishes”.  It  ajqiears 
quite  extraordinary,  that  the  ])osition  of  the  musculature  in  under  the  supposed  sjiinous  jiro- 
cesses,  covered  by  these  (which  may  he  seen  indeed  without  prejiaration)  and  a “coracoid” 
(i.  e.  |)ostclavicle)  in  front  of  the  pectorals  etc.,  did  not  raise  some  doubt  in  Gunther’s  mind 
as  to  the  correctness  of  such  an  interpretation;  it  is  obviously  the  Ghelonian  idea  which  has 
controlled  and  confused  the  account. 

In  a notice  by  Steindachner  (31)  of  about  the  same  time  we  lind  the  following  remark: 
“Bleeker  und  andere  Ichthyologen  unlerscheiden  in  der  Besehreihung  von  Anij)hisile  nur 
Bauch-  und  Buckenschilde,  wahrend  doch  Bauch-,  Seiten-  und  Biickenschilder  vorlumden 
sind,  welehe  durch  wahre  Naht  mit  einander  verbunden  sind  ”.  No  further  explanation  is 
given,  hut  S.’s  “Seitenschilder”  must  he  the  lower  row  of  ])lates  in  the  dorsal  cuirass,  just  as 
with  lIiLGENDORF.  Lutken  (24a)  s])eaks  of  sutures  between  the  ventral  plates  of  this  and  that 
number,  but  at  the  same  time  of  the  number  of  “ribs”  occurring  in  the  ditferent  species, 
from  which  we  may  siijiiiose  that  he  agrees  with  Gunther’s  views.  The  only  protest  against 
this  that  I have  found  anywhere  occurs  in  Hilgenuorf  (17,  p.  54)  in  the  following  words:  “Die 
Bauchplatten  und  deren  knocherne  Verstarkungslisten  konnen  nicht,  wie  dies  wohl  geschehen, 
mit  Bippen  in  Verhindung  gehracht  werden,  dazu  ist  ihre  Zahl  schon  zu  gross,  wlihrend  die 
knochernen  Seitenplatten  in  der  Zahl  mit  den  Wirbeln  corres])ondiren  und  auch,  mit  Aus- 
nahme  der  letzten,  mit  ihnen  in  continuirlicher  Verhindung  stehen”.  This  protest  seems  to 


The  same  is  repeated  in  the  “Introduction”  (14  h)  practically  in  the  same  words. 
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have  been  quite  overlooked  hitherto;  even  in  1903  we  find  in  Jordan  and  Starks  (20,  p.  71) 
under  the  family  diagnosis  for  Amphisile:  “Ribs  developed”,  and  under  the  description  of 
A.  strigata  : “There  are  11  lower  ventral  plates  (ribs),  2 in  front  of  the  pectoral  and  9 behind”. 
And  the  supposed  identity  of  the  dorsal  cuirass  with  inner  skeletal  jiarts  — against  which 
however  Hilgendorf  does  not  protest  — is  found  again  both  in  1902  and  1903  in  Starks  (30, 
p.  625;  where  the  presence  of  ribs  is  also  mentioned)  and  in  Jordan  and  Starks  (1.  c.  p.  70). 

2;  p.58  (20): 

Information  on  the  inner  skeleton  is  scarce  in  the  earlier  literature.  Apart  from  Starks’ 
investigations  on  the  pectoral  girdle  and  his  few  remarks  on  some  of  the  bones  of  the  skull 
(given  below,  see  note  3 p.  96  (58))  we  have  information,  based  on  personal  investigations,  from 
Cuvier  (7h),  Agassiz  (lb,  p. 275),  Gunther  (14a,  p.  527),  Heckel  (15,  p.  223)  and  Hilgendorf  (17). 
In  the  addition  inserted  by  Laurillard  in  Cuvier’s  “Lemons”  (2nd  edition,  Vol.  I,  p.  229),  it  is 
stated  that  the  first  5 vertebr®  are  elongated  without  transverse  processes  and  that  the  spinous 
processes  are  greatly  inclined  backwards,  so  much  so  that  the  dorsal  fin  projects  out  over 
the  tail;  the  number  of  vertebral  is  stated  to  be  15—16  in  all.  Both  Agassiz  and  Gunther  give 
the  correct  number  of  vertebral,  20,  but  whereas  A.  counts  8 to  the  abdominal  and  12  to  the 
caudal  vertebral,  G.  gives  respectively  6 and  14.  The  information  on  the  part  of  the  spinal 
column  lying  outside  the  cuirass  is  — so  far  as  it  goes  — in  the  main  correct,  most  complete 
in  Agassiz;  on  the  other  hand,  the  statements  regarding  the  part  enclosed  within  the  cuirass 
are  very  imperfect.  Both  have  seen  that  the  first  6 vertebral  are  much  elongated,  but  we  get 
no  information  regarding  the  connection  with  the  armour,  the  relation  of  the  interspinous 
bones  etc.  Agassiz  has  clearly  not  been  able  to  distinguish  between  the  spinous  processes 
and  the  interspinous  hones  in  this  region,  as  he  only  mentions  the  interspinous  bones  which 
lie  behind  the  dorsal  spine;  his  words  are: 

“Les  corps  des  six  premieres  [vertebres]  sont  tellement  allongees,  qu’ils  forment  a cux 
seuls  toute  la  portion  de  la  colonne  qui  est  recouverte  par  la  carapace.  Leurs  apophyses 
epineuses  sont  filiformes  et  demesurement  longues,  surtout  les  anterieures,  qui  se  prolongent 
jusqu’a  I’extremite  du  tronc,  ou  plutot  jusque  sous  la  grosse  epine  qui  termine  la  carapace, 
en  avant  de  I’insertion  des  osselets  interapophysaires  qui  portent  les  rayons  epineux  ou  la 
partie  anterieure  de  la  dorsale.  Les  deux  dernieres  vertebres  abdominales  sont  courtes, 
semblables  a celles  de  la  portion  caudate;  celles-ci,  au  nombre  de  douze,  ne  forment  pas, 
dans  leur  ensemble,  un  espace  de  la  colonne  qui  egale  en  longueur  plus  du  quart  de  celui 
qui  est  forme  par  les  six  vertebres  abdominales  anterieures.  C’est  entre  les  deux  dernieres 
vertebres  abdominales,  et  en  arriere  de  la  premiere  caudate,  que  se  fixent  les  trois  osselets 
interapophysaires  qui  portent  les  trois  rayons  epineux  de  la  premiere  dorsale;  mais  la  longue 
pointe  qui  est  au  devant  d’eux  est  produite  par  le  prolongement  de  I’extremite  posterieure 
de  la  carapace,  au  bout  de  laquelle  est  articule  un  rayon  epineux”.  It  is  very  probable  that 
A.  made  his  observations  on  a dried,  shrivelled  specimen,  in  which  case  it  is  impossible  to 
see  the  details  in  question;  perhaps  the  same  and  only  specimen  in  the  Paris  Museum,  con- 
cerning which  Bruhl  (5b,  p.  51)  writes:  “. . . . ein  kaum  ein  hath  Millim.  breiter,  vertrockneter, 
hautiger,  derber  Streifen  ....  ist  der  ganze  Rest  der  Wirbelsaule,  an  dem  Nichts  zu  erortern 
moglich”.  That  Gunther  cannot  have  seen  anything  of  the  spinous  processes  and  interspinous 
bones  in  the  region  in  question  is  quite  obvious,  otherwise  his  view  of  the  dorsal  cuirass 
would  have  been  altered  at  once;  he  states:  “These  (six)  abdominal  vertebrae  are  extremely 
slender,  the  third  alone  being  nearly  as  long  as  the  whole  caudal  portion;  they  have  a slight 
ridge  superiorly  and  interiorly  and  on  each  side;  the  whole  portion  lies  in  the  upjiermost 
concavity  of  the  dorsal  cuirass”. 

Heckel  (15,  p.  225)  only  says  that  in  the  fossil  A.  heinrichi  the  6 anterior  vertebrae  lying 

D,  K.  I).  VIdensk.  Selsk.  Skr.,  7.  Riekke,  naturvidensk.  og  mathem.  Afd.  VI.  2.  23 
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under  the  dorsal  cuirass  are  elongated,  especially  the  first  4;  and  the  figures  only  show  their 
corpora  preserved.  After  examination  of  recent  Amphisile  H.  (1.  c.,  p.  223)  stated  that  all  the 
rays  in  the  first  dorsal  fin  lacked  interspinous  bones,  “sie  verlangern  sich  nach  unten  zu  und 
schieben  sich  unniittelbar  selhst  zwischen  die  Dornfortsatze  der  Wirbel  ein,  konnen  sich 
daher  ohne  Articulation  auch  nicht  nieder  legen”.  The  observation  is  indeed  correct,  but 
not  the  interpretation.  He  has  so  little  knowledge  of  the  skeletal  parts  lying  under  the  dorsal 
cuirass  and  connected  with  this,  that  on  conii)aring  them  with  Ceiilrisciis  he  says:  “An  Am- 
phisile dagegen  fehlt  der  starke  Ruckentlossenstrahl  sammt  den  Triigern  und  dem  stiitzenden 
Geriiste;  seine  Stelle  vertritt,  sonderbar  genug,  ein  analoger  runder  Dorn,  der  unniittelbar 
an  der  Sjiitze  des  letzten  wagrechten,  fiber  das  darunter  abwarts  gehogene  Schwanzende 
hinaus  verliingerten  Riickenschildes  ansitzt  und  daher  nicht  dem  Skelete,  sondern  vielmehr 
der  hornartigen  Hauthedeckung  angehort,  (lurch  wclche  beinahe  der  ganze  Hsch  wie  in  einer 
glatten  halh  durchsichtigen  Scheide  eingeschlossen  ist”.  Hilof-ndouf  says  nothing  about  the 
spinal  column,  but  his  views  regarding  the  dorsal  spine  are  more  correct  than  any  previous; 
and  he  has  seen  — without  knowing  Hkckel’s  observations  — that  the  “spinous  rays”  behind 
the  dorsal  siiine  had  no  articulation.  His  remarks  (1.  c.,  p.  54)  are  in  extenso  : “Morphologisch 
hesteht  der  Stachel  zwar,  wie  Gunthfui  angiebt,  aus  einem  Flossenstrahlentrager,  auf  dem 
eben  der  (bei  piinetiilala  hewegliche)  Stachel  aufsitzt.  Aber  daneben  ist  wohl  auch  noch  eine 
Rekleidung  (lurch  eine  Hautplatte  anzunehmen,  und  vielleicht  ist  selhst  noch  ein  zweiter 
Strahlentrager  in  ihm  enthalten;  darauf  deutet  wenigstens  die  complicirte  Querschnittsfigur, 
auch  sieht  man  am  Skelet  zwei  Knochenstabchen  sich  nach  vorn  gegen  die  Riickenwirhel 
hinabziehen.  An  den  drei  zwischen  der  ersten  und  zweiten  Dorsalis  gelegenen  Stacheln  sehe 
ich  keine  Andeutung  eines  Gelenkes  und  es  ist  schwer  zu  sagen,  oh  sie  nur  den  Flossentriigern 
Oder  diesen  und  den  damit  verwachsenen  Strahlen  gleichwerthig  sind”. 

To  complete  the  list  of  authors  I may  add  that  R.  Gervais  (11,  p.  529)  in  mentioning  the 
fossil  A.  heinvichi  Hckl.  gives  a very  poor  text-figure  dig.  50)  of  the  skeleton  of  a recent 
“Amphisyle  de  la  mer  des  Indes”.  The  note  says:  “La  figure  d'Amphisyle  que  nous  donnons 
ici  sous  le  no  50  est  cclle  de  VAinphisyle  oelitaris,  actuellement  vivant  dans  la  mer  des  Indes, 
dont  M.  Agassiz  a d(‘ja  signale  les  j)rincipales  particulariR's  ost()ologiques.  La  plus  curieuse 
de  celles  qu’elle  pr(5sente  est  sans  contredit  le  grand  allongement  des  cinq  iiremicres  vertebres, 
qui  d([‘passent  consi(l(“rahlement  ce  que  I on  voit  chez  les  Gentrines  (sic!)  et  chez  les  autres 
poissons  de  la  famille  des  Rouches  en  flutes.  On  a enleve  sur  I’individu  ici  repiTsente  une 
partie  des  teguments  du  cfite  droit  de  maniere  a laisser  voir  la  colonne  vert()hrale  dont  les 
premieres  vertebres  ont  en  effet  une  longueur  insolite”. 

3;  ],.63  (25): 

Regarding  the  skeleton  of  the  head  the  literature  contains  practically  nothing;  the  most 
complete  account  is  that  given  by  Agassiz  (1.  c.,  p.  276),  but  this  is  altogether  vague  and  con- 
tains various  inaccuracies.  Several  authors  naturally  have  noticed  the  large  preoperculum 
with  its  thin  plate  covering  the  anterior  ventral  jilates;  but  regarding  the  mandibular  suspen- 
sorium,  the  composition  of  the  long,  tube-like  snout  etc.  there  is  virtually  nothing.  Most 
recently  Starks  (30,  pj).  625,  633)  has  stated  rightly  that  the  parietal  and  opisthotic  bones  were 
lacking,  that  the  posttemporal  was  attached  to  the  skull  and  that  the  hasioccipital  (condylus' 
was  concave  (in  contrast  to  Fistiilaria  and  Aiilosiomum).  On  the  other  hand,  his  view  that  a 
myodome  was  wanting  may  be  disputed  and  his  statement  “pterotics  normally  placed”  is 
incorrect,  as  also  that  a V-shaped  jirocess  of  the  ejiiotic  can  he  seen  on  the  lateral  aspect  of 
the  skull. 

Some  of  Starks’  statements  are  repeated  in  .Iordan  and  Starks  (20,  p.  71). 

Concerning  the  hones  of  the  gill-cover  Agassiz  (lb,  p.  276)  wrongly  states  that:  “I’opercule 
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et  le  sous-opercule  forment  a eux  seuls  la  partie  mobile  de  I'appareil  opcrculaire” ; and 
('liiNTHER  s statement  (13a,  j).  526;  that  “the  pre-  and  interoperculiim  are  united  into  one  bone” 
is  just  as  little  correct. 

Concerning  the  mandible  we  find  in  the  diagnosis  of  the  Ilemihranchii  by  Smith  Wood- 
ward (36,  p.  369):  “Mandible  simple,  each  ramus  consisting  only  of  two  elements  (dentary  and 
articulo-angular)”.  This  is  however  incorrect;  there  is  an  independent  angular  in  all  the 
forms  which  S.  W.  includes  under  Hemibranchii. 

4;  p.66  (281: 

Cope  is  — so  far  as  I know  - the  only  author  who  has  given  any  information  on  the 
branchial  apparatus  in  Arnphisile  (6,  p.  457).  After  first  characterising  the  group  Hemibranchii 
in  the  following  manner  (1.  c.,  ji.  156):  “Superior  branchihyals  and  pharyngeals  reduced  in 
number  (which  as  mentioned  on  j).  42  (4)  is  incorrect),  inferiors  sejiarated”,  he  states  regarding 
Arnphisile:  “Fourth  superior  hranchihyal  (i.  e.  cpibranchial  IV)  and  all  the  superior  jiharyngeals 
wanting”.  That  all  these  statements  are  likewise  incorrect  appears  from  the  description  and 
figures  given  by  me  here.  Gill  (1  a,  p.  156  and  164)  repeats  Cope’s  words  regarding  the  bran- 
chial apparatus  and  Starks  in  his  diagnosis  of  the  Hemibranchii  (30,  p.  623)  again  gives  Cope’s 
incorrect  statements  as  follows:  “superior  pharyngeals  and  usuall}'  elements  of  branchial 
arches  reduced  in  number”  and  j).  625  for  the  family  ’’'(ienlriscoidea"  i.  e.  Arnphisile:  “branchial 
system  feebly  develojied”. 

Concerning  the  gill-rakers  in  A.  piinclnlala  Kner  (21a,  p.  534)  states:  “Die  Rechen- 
ziihne  dcs  ersten  Bogens  sind  rclativ  starke  nach  vor-  und  einwiirts  gekriimmte  Hakenzahne, 
die  der  folgenden  Bogen  stellen  niedere  Hockerreihen  vor”. 

Regarding  the  hyoid  I find  the  following  in  Agassiz  (Ih,  p.  276):  “Les  comes  laterales 
dc  I’os  hyo'ide  sont  aussi  demesurement  longues”.  I am  not  sure  what  he  means  by  this; 
perhaps  the  long  ossified  tendons  which  spring  from  the  urobyal? 

The  number  of  the  branchiostegal  rays,  which  are  often  used  by  systematists, 
especially  when  the\'  can  be  easily  observed,  is  given  as  follows:  Agassiz  (1.  c.,  p.  276)  5,  Peters 
0- c.,  p.  335)  4;  Steindachner  (1.  c.,  p.  766)  3 (4?);  Gunther  (1.  c.,  p.  526)  3.  Kner  (21a,  p.  534)  .states 
on  the  other  hand  that  he  has  not  been  able  to  find  any  trace  of  branchiostegals  (in  A.  pu/ic- 
lulala)'. 

5;  p.67  (29): 

Starks  cites  no  earlier  account  of  the  pectoral  girdle  than  Gunther’s  comparison  of  the 
external  characters  in  Arnphisile  piinclnlala  (not  A.  slrigata,  as  Starks  says)  with  those  in 
A.sciitala,  the  latter  of  which  is  quite  ignored  by  Starks.  Nor  is  there  much  to  be  found  in 
the  older  literature;  I know  only  the  following.  In  Agassiz  (lb,  p.276):  “Ces  pectorales . . . . 
sont  portees  par  la  saillie  posterieure  du  humerus  (i.  e. : clavicle),  auxquels  .s’attachent  les 
cubitus  (i.  e. : coracoid)  qui  se  reunissent  en  avant,  comme  les  ajiophyses  anterieures  des  deux 
humerus  le  font  sous  la  gorge.  L’osselet  styloide  (i.  e. : postclavicle)  est  derriere  I’insertion 
des  pectorales”.  Gunther  (14a,  p.  526;  A.sciilala)  states:  “The  humerus  (i.  e. : clavicle)  also 
contributes  to  the  bony  covering  of  the  body;  a long  horizontal  jiortion  of  it  extends  from 
the  operculum  to  the  base  of  the  pectoral  fin;  it  fits  into  the  shallow  notch  of  the  dorsal 
cuirass  mentioned,  and  is  of  a lanceolate  shape,  tapering  into  a point  ])osteriorly”.  From 
the  subsequent  sentences,  which  de.scribe  the  ventral  armour  (cf.  citation  above,  j).  94  (56)),  and 
the  account  of  A.  piinclnlala  on  p.  528,  it  is  seen  that  G.  has  taken  the  rachis  in  the  5th  venfral 
plate  to  be  the  “coracoid”,  i.  e.  the  postclavicle,  although  this  can  often  be  seen  lying  deejier 
in  through  the  abdominal  wall. 

Hilgendorf  (17,  p.  54),  who  rightly  denies  that  the  ventral  plates  have  anything  to  do 
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with  ribs,  is  only  partly  right  however  in  the  following:  “Audi  die  Ausdriicke  Humerus  und 
Coracoid,  die  man  zur  Bezeichnung  der  ausseren,  zwischen  Kiemenoffnung  und  Brustflosse 
sichtharon  Theile  angewandt  hat,  sind  morphologisch  nicht  zu  rechtfertigen ; es  handelt  sich 
hicr  um  reine  Hautbildungen ; die  wirklichen  Knochen  liegen  unter  der  Ilaut  verhorgen  an 
der  Brusttlossenbasis”.  Regarding  the  “true  skeletal  parts”  he  says  nothing. 

6;  p.  69  (30): 

Regarding  the  puhic  arch  I have  not  been  able  to  find  anything  in  the  literature  beyond 
Gunther’s  statement  (14a,  p.  527),  that  “a  rudimentary  i)ubic  bone  is  visible  within  the  fringe”. 

7;  p.69  (30): 

It  has  long  been  known  that  the  ventral  fins  are  united  in  Arnphisilc.  Linne  in  Ed.  X, 
p.  336,  states  “Pinna  ventralis  unica”;  Lacepede  calls  them  “rcunies”.  On  the  other  hand, 
Aoassiz  (Ic,  p.  274)  says:  “celles  des  deux  cotes  du  corps  sont  tellement  rapprochees  qu’on 
les  croirait  confondues,  si  un  examen  attentif  nc  permettait  de  reconnaitre  leur  parite”.  Later, 
Kneu  again  maintained  their  fusion  (21a,  p.  535),  as  akso  Steindachnek  (31,  p.  765).  The  sexual 
difference  in  the  ventral  fins,  long  in  the  males,  short  in  the  females,  was  observed  b}'  Kneh 
(1.  c.)  in  A.  strigala  (not  sciitata,  as  Gunther  believes),  and  it  has  been  mentioned  later  by  others, 
that  some  specimens  of  this  species  have  long,  others  short  ventral  fins  (e.  g.  by  Jordan  and 
Starks;  20  p.  72).  When  the  number  of  rays  is  given  differently  and  (w’ith  exception  of 
Lacepede  and  Agassiz)  as  a rule  too  low,  this  is  probably  due  to  the  spinous  ray  being 
overlooked.  The  only  one  who  expressly  mentions  this  is  Agassiz  (1.  c.,  p.  276),  who  rightly 
says:  “un  premier,  petit  eiiineux,  a jieine  perceptible  a la  loupe,  suivi  de  cinq  rayons  simples 
articules,  successivement  jilus  grands”.  His  statement  concerns  probably  A.strigata  (cf.  supra), 
but  he  calls  his  species  A.  sentata.  There  is  indeed  on  the  whole  a certain  amount  of  con- 
fusion in  the  use  of  the  specific  names.  Linne  gives  the  number  of  rays  as  6 (i.  e.  3,  as  he 
only  counted  one  fin);  Lacepede,  5 (possibly  A.  strigala,  as  he  speaks  about  the  dorsal  spine 
being  divided  longitudinally  into  an  upjier  and  a lower  part);  Gunther:  3 (A.  sculala),  4 for  the 
other  two  species;  Peters:  4 (A.  pnnctnlata)’,  Kner:  4 (A.  punclalaia  and  strigala*);  Steindachner: 
4 (A.  sentata  (=macrophlhalma  Stdehr.)  and  strigala  {=  sculala  Stdehr.)). 

Whikst  the  number  of  rays  given  by  the  dilferent  authors  for  the  pectoral  fins  in  recent 
species  agrees  with  that  found  by  me  or  may  vary  by  1 more  or  fewer),  Heckel  (15,  p.  225; 
gives  only  2 for  the  fossil  A.  hcinrichi,  “die  ini  Gegensatz  zu  den  vollig  ungetheilten  Strahlen 
der  Am])hisyle  sculala  gespalten  und  so  lang  sind  als  die  halbe  Mundrohre  voni  Auge  ange- 
fangen”;  and  Sauvage  also  states  (28,  p.  402):  “La  jiectorale  n’est  composee  que  de  deux  rayons 
aussi  longs  que  la  moitic  de  la  hauteur  du  corps  a ce  niveau”.  There  is  no  doubt,  however, 
from  the  figures  of  both  authors,  that  what  they  have  taken  as  the  2 rays  of  the  pectoral 
are  the  postclavicles  of  the  two  sides!  Of  the  true  pectorals  there  is  no  trace  in  their  figures. 

8;  ]).  73  (35): 

Concerning  the  anatomy  of  the  soft  parts  I have  only  found  the  following,  in  Gunther 
(14a,  ]j.  525)  under  the  diagnosis  of  the  genus:  “Pyloric  apiiendages  none”,  and  on  p.  527,  after 
remarks  on  the  appearance  of  the  swim-bladder  (seen  from  outside):  “The  oesophagus  passes 
gradually  into  the  stomach,  which  is  situated  below  the  air-bladder;  it  does  not  appear  to 
be  much  wider  than  the  intestine  following;  the  latter  makes  a single  comjilete  circumvolution 
and  then  proceeds  to  the  vent.  Ovaria  and  testicles  are  situated  hehind  the  air-bladder”. 
What  Gunther  considers  the  stomach  is  thus  the  anterior  portion  of  the  small  intestine. 

* What  Kner  in  the  male  of  this  species  {“sculala"  Kner)  calls  “ein  Paar  sehr  kurzer  Stiitz- 
strahlen,  die  neben  einander  stehen”  must  be  the  spinous  rays. 
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9;  p.  77  (39): 


Centriscus. 


Concerning  the  armoured  ])ortions  of  the  exoskeleton  I find  the  following  information 
in  earlier  literature. 

Cuvier  (7a,  p.  268):  “Dans  les  Centriscpies  proprement  dits.  La  dorsale  antcrieure  situe 
fort  en  arriere,  a sa  premiere  epine,  longue  et  forte,  supportee  jiar  un  appareil  qui  tient  a 
I’ejiaule  et  a la  tete.  Ils  sont  converts  de  petites  ecailles,  et  ont  de  plus  quelques  plaques 
larges  et  dentelees  sur  rajipareil  dont  nous  venons  de  parler”. 

The  dorsal  cuirass  of  Centriscus  is  figured  by  Rosenthal  (27,  Plate  X,  fig.  11),  but  very 
imperfectly.  The  explanation  of  the  figure  (1.  c.,  p.  37)  states  sub  II.  Rumpf.  C.  “Die  Gurtel- 
knochen  (i.  e.  the  clavicular  arch)  bestehn  aus  zwei  Stiicken,  von  denen  das  obere  sehr  klein 
ist.  Sie  erhalten  durch  die  Verbindung  mit  dem  Riickenschilde  (my  dorsal  cuirass)  c.,  welcher 
den  ersten  starken  Riickenstachel  aufnimmt,  eine  vorziigliche  Festigkeit”.  Nothing  is  said 
about  the  connection  with  vertebrae;  all  that  is  noted  about  the  vertebrae  is  that  “die  vier 
ersten  sich  durch  einen  verliingerten  Korper  auszeichnen”. 

L.  Agassiz  (1  a,  Vol.  IV,  p.  272)  in  describing  the  skeleton  of  C.  scolopax  only  mentions  the 
cuirass  as  “la  plaque  osseuse  qui  va  de  riiumerus  au  premier  rayon  de  la  dorsale“. 

Kner  (21b,  p.  258)  comparing  Centriscus  with  Zeus,  says:  “Die  Lage  des  Seitencanales 
bezeichnen  3^4  grosse,  schief  stehende  Schilder,  ahnlich  denen  der  Carangen,  die  am  hinteren 
Rande  fein  geziihnelt  und  langs  der  Mitte  gekielt  sind.  Dieser  Kiel  setzt  sich  fiber  der  Kie- 
menspalte  vorne  bis  zum  Auge  fort,  verschwindet  aber  nach  ruckwarts.  Beiderseits  des 
Bauchkieles  liegen  vom  Isthmus  an  ehenfalls  drei  liingliche,  scliAvach  gekielte  Schilder,  mit 
erhobener,  centraler  Spitze  und  radiiir  auslaufenden  Furchen.  Ilinter  den  Bauchflossent 
welche  in  der  durch  den  jederseits  vorstehenden  Bauchkiel  gebildeten  F'urche  eingesenk, 
liegen,  folgen  bis  zum  Anus  noch  zwei  mediane  gekielte  Schilder  mit  geziihneltem  Rande”. 

GiiNTHER  (14a,  p.  520):  “Several  bony  strips  are  visible  on  the  side  of  the  back:  one  arises 
from  the  side  of  the  nape  and  proceeds  towards  the  first  dorsal  spine,  where  it  meets  its 
fellow  of  the  other  side.  Another  strip  commences  from  the  scapulary  region  and  represents 
a sort  of  lateral  line;  it  is  composed  of  three  bones,  each  bone  having  a horizontal  and  an 
oblique  portion,  which  cross  each  other.  The  margins  of  the  thorax  and  of  the  abdomen 
are  covered  with  .several  bony  plates  which  have  a cutting  longitudinal  ridge  along  the 
middle”.  Later  (ibid.  p.  521)  describing  the  vertebral  column,  G.  says:  “The  bony  strips,  which 
are  visible  externally, ....  are  the  modified  ribs  with  their  epipleurals”.  Of  the  real  mode  of 
connection  with  the  vertebrae  G.  has  no  clear  apprehension.  In  his  “Introduction  (p.  509)  G. 
in  characterizing  the  genus  only  says:  „...  some  bony  strips  on  the  side  of  the  back,  and  on 
the  margin  of  the  thorax  and  abdomen;  the  former  in  one  .species  are  confluent  and  form 
a shield”.  The  species  alluded  to  is  of  course  C.  humerosus. 

0.  Hertwig  (16,  p.  105—108)  in  describing  the  dermal  structures  of  Centriscus  only  men- 
tions the  plates  of  the  cuirass  in  the  following  way  (p.  107):  “Dagegen  haben  sich  in  der  Sei- 
tenlinie  von  der  Scapularregion  an  drei  umfangreichere  Knochenplatten  entwickelt,  die  mit 
vorspringenden  Blattern  und  Stacheln  in  grosserer  Zahl  bedeckt  sind.  Knochenplatten  mit 
ahnlichen  Rauhigkeiten  sind  am  Bauchkiel  und  am  Kopf  nachweisbar”.  In  his  concluding 
remarks  (“Vergleichung”,  p.  108)  he  states:  “Die  umfangreicheren  Knochen.stiicke  am  Kopf, 
in  der  Seitenlinie  und  am  Bauch  erklaren  sich  aus  stattgehabter  Verschmelzung  ursprung- 
licher  discreter  Ossificationen,  worauf  die  zahlreichen  Vorsprunge,  die  als  Leisten,  Kamme 
Oder  .Stacheln  verschieden  modificirt  sind,  hinweisen”.  That  this  view  is  erroneous  is  shown 
by  an  examination  of  quite  young  stages  (cf.  p.  77  (39)). 

W.  Sorensen  (32,  p.  64)  in  his  description  of  the  anterior  vertebrae  says:  “. . . . the  large 
processus  transversi  of  the  2nd  to  the  4th  vertebra;  are  connected  by  dense  connective 
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tissue  with  some  keeled  scales,  which  are  considerably  larger  and  especially  longer  than  the 
rest  of  the  dermal  covering”;  adding  in  a foot-note  that  he  has  not  devoted  any  further 
attention  to  these  scales. 

Jordan  and  Evkrmann  (19,  p.  758):  “Some  bony  strijjs  on  the  side  of  the  back  and  on  the 
margin  of  the  thorax  and  abdomen,  the  former  sometimes  conlluent  into  a shield”.  Qhiite 
the  same  is  said  by  Jordan  and  Starks  (20,  j).  68  and  69). 

('lOODE  and  Hean  (13,  p.  483)  characterize  the  family  Maerorhamphosida*  as:  “Hemihran- 
chiates  with  com])rc.ssed  body,  armed  with  bony  plates  on  belly  and  anterior  parts  of  bodj'”. 

‘0;  p,  78  (40): 

L.  Agassiz  (la,  Vol.  1,  p.  90)  was  the  first  to  recognize  the  peculiarities  of  the  .scales.  As 
his  description  seems  to  have  been  totally  overlooked  by  all  later  authors,  1 quote  it  here 
in  extenso:  “Les  Hecasses  de  mer  (Oentriscus)  ont  un  tyiie  d’ecailles  tout  particulier.  Ce  sont 
de  petites  esquilles  lisse.s,  cachees  dans  la  peau,  surmontees  <l’une  tige  cylindrique  et  courte 
{[ui  s’etale  de  nouveau  a la  surface  de  la  peau  en  un  ccusson  de  forme  trapezoide.  Cet 
ecusson  montre  plusieurs  cartmes  qui  rayonnent  en  arriere  et  qui  se  terminent  par  des  pointes 
assez  effilees”. 

Later  KNER(21h,  ji.  258  (27))  jiointed  out  the  main  feature  of  the  scale,  viz.  that  it  is 
composed  of  a basal  part  (“Wurzeln”)  and  a scale-plate  (“Flachenaushreitung  der  Schuppe”)- 

().  Hertwig  has  given  a detailed  descrijition  of  their  form  and  relation  to  the  dermal 
layers,  including  akso  some  of  the  sinqiler  form.s,  e.  g.  those  of  the  eye,  the  base  of  the  pec- 
toral fin,  and  of  the  fin-rays.  In  addition,  he  has  examined  “einc  zweite  .sehr  kleine  Art,  den 
(ientrisens  brci>ispinis'\  in  which  he  finds  a much  simpler  type  of  scale;  hence  he  concludes: 
“Alles  macht  den  Eindruck,  als  oh  das  Haut.skelet  vom  Centriscus  brevi.spinis  sich  riickzu- 
hildcn  im  Begrilfe  stande”.  According  to  Lutken,  however,  (24  h,  pp.  586,  610),  this  “species”  is 
a young  stage  of  C.(jracilis  Lowe*;  Ilertwig’s  dcscri])tion  therefore,  and  his  figure  (PI.  1,  fig.  26) 
do  not  concern  stages  of  reduction  hut  stages  of  devcloiiment  of  the  scales,  such  as  will  he 
found  also  in  the  other  s|)ecies  of  the  genus. 

L.  Yaillant  (33  a,  j).  126  and  33  h,  j).  338)  describes  the  scales  anew  and  gives  one  figure 
(PI.  XXYII,  fig.  3);  a])i)arently  without  knowing  Mertwig’s  much  more  detailed  descrijition.  The 
plates  as  well  as  the  different  forms  of  the  .scales  are  not  mentioned. 

11;  p.82  (44): 

Information  regarding  Ihe  inner  skeleton  is  given  by  Hosentiiai.  (27),  Agassiz  (1  h),  Heckel 
(15),  Bruhi,  (5a  and  h),  (iuNTiiKu  (14a)  and  \Y.  Sorensen  (32);  and  in  recent  years  by  Starks  (30) 
and  SiEBENRocK  (29)  for  the  jicctoral  girdle  and  some  points  in  the  skull.  Apart  from  Bosenthae’s 
statement  (quoted  above  under  9)  regarding  the  elongation  of  the  4 anterior  vertebrae,  Agassiz 
(1.  c.,  p.  272)  was  the  first,  so  far  as  I am  aware,  to  give  any  information  regarding  the  .spinal 
column  and  the  interspinous  hones.  He  states  that  there  arc  9 abdominal  and  14  caudal 
vertebra;.  He  further  says,  regarding  the  anterior  vertebne: 

“Les  cinq  premieres  vertchres  ahdominales  sont  remarquahles  en  cc  que  leur  corps  cst 
trcs-allonge,  saillant  en  forme  de  double  cone  dans  la  cavite  ahdominale,  et  que  les  deuxieme 
troisieme  et  quatrieme  ont  de  tres-grosses  et  larges  ajiophyses  transverses  qui  s’etendent 
horizontalement  jusqu’a  la  plaque  osseusc  qui  va  de  I humerus  au  premier  rayon  de  la  dor- 

* LiiTKEN's  statement  (24  b,  p.  586  (178)),  that  young  individuals  of  C.  gracilis  of  17  mm.  and 
below  are  without  ventral  fins,  is  ineorreet.  I find  the  ventrals  quite  conspicuous,  with  the  fin-rays 
discernible,  in  the  smallest  specimens  of  7—8  mm.  lengtii.  They  might  also  perhaps  be  found  (e.  g. 
through  suitable  staining)  in  stages  of  C.  scolopax,  corresponding  to  those  of  10  mm.  length,  figured  b}' 
Emery  (8,  PI.  1,  fig.  12)  and  said  by  him  to  lack  ventrals  (8,  p.  12.) 
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sale”.  “Le  premier  epineux,  de  la  dorsale  qui  est  petit,  et  le  second,  qui  est  tres-grand  sont 
articules  sur  d’immenses  osselets  interapopliysaires,  dont  Textremite  s’etend  jusqu’  au  corps 
des  vertebres”. 

In  the  addition  made  by  Lauuillard  in  the  2nd  edition  of  (hiviER  s Lecons  (7b,  j).  228^  it 
is  only  said,  that  the  first  four  vertebrae  have  the  bodies  swollen  at  both  ends,  with  very 
long  and  broad  transverse  processes,  and  that  the  extremely  high,  posteriorly  directed  spinous 
processes  cause  the  dorsal  fin  to  lie  on  the  posterior  part  of  the  body.  Bruhl  (5  b,  p.  51), 
who  has  onh'  seen  an  imperfect  sj)ecimcn  in  the  Paris  Museum,  probably  the  one  that  served 
for  the  notes  in  Cuvier  and  possibly  for  Agassiz,  gives  only  4 abdominal  vertebrae  with  bico- 
nical  bodies  and  large  transverse  processes.  Heckei,  (15,  p.  223)  noticed  that  the  last  4 “rays” 
in  the  anterior  dorsal  fin  extend  in  between  the  spinous  processes  without  showing  any  arti- 
culation, from  which  he  concludes  that  they  lack  interspinous  bones,  like  the  corresponding 
jjarts  in  Ampliisile.  The  same  observation  with  the  same  interiiretation  was  made  by  Kner 
^21  b,  p.  26  i257),  Note  2).  Regarding  the  large  siiinous  raj^  of  this  fin  Heckel  observed  that  it  “sich 
bei  einer  gewissen  Wendung  so  weit  nieder  legen  liisst,  dass  er  die  nachfolgenden  steifen 
gelenklosen  Strahlen  zum  Theile  unter  seine  rinnenformige  Aushohlung  aufnehmen  kann. 
Ferner  wird  der  sehr  schief  liegende  Tniger  dieses  Strahles,  welcher  sich  zwischen  die  Dorn- 
fortsatze  der  vorderen  mitsammen  verwachsenen  Wirbelkorper  einschiebt,  durcb  eine  feste 
Membrane  mit  einem  voranstehenden  noch  starkeren  Triiger  verbunden.  Diese  letztere  llaupt- 
stutze,  auf  welcher  auch  der  sehr  kleine  erste  Riickenflossenstrahl  sitzt,  dient  zugleich  dem 
beinahe  leistenformigen  Riickenschilde  als  Auflage,  wird  aber  selbst  wieder  an  jeder  Seite  von 
zwei  kraftigen  Endspifzen  festgehalten,  welche  ein,  mit  den  drei  ersten  breiten  Querfortsiitzen 
verwachsenes  aufrichtes  Geriiste,  gleich  Strebepfeiler  ihm  entgegen  sendet”. 

What  Heckel  here  calls  “Riickenschild”  must  be  the  upper  expanded  margin  of  the  first 
two  interspinous  bones  (see  fig.  2,  PI.  II)  and  his  “aufrechte  Geriiste”  is  the  dorsal  armour, 
the  structure  and  other  relations  of  which  he  thus  does  not  seem  to  have  understood.  The 
same  may  also  be  said  regarding  Gunther,  whose  description  (14  a,  p.  521)  is  in  exlenso  as 
follows : 

“The  vertebral  column  is  comiiosed  of  eight  abdominal  and  sixteen  caudal  vertebrae; 
the  former  are  distinguished  by  their  strength  and  large  size,  a peculiarity  which  is  in  inti- 
mate connexion  with  the  circumstance  that  they  form  the  base  of  other  strongly  developed 
bones;  their  parapophyses  are  strong,  rather  long,  and  those  of  the  first  four  vertebrae  have 
their  extremities  united.  The  bony  strips,  which  are  visible  externally,  and  which  we  have 
mentioned  in  the  description  of  the  outward  characters,  are  modified  ribs  with  their  epi- 
pleurals.  The  neural  spines  of  the  three  anterior  vertebrae  are  strong,  especially  that  of  the 
third,  which  corresponds  to  the  interneural  of  the  second  dorsal  siiine.  This  interneural  is 
situated  behind  the  third  neural,  and  ends  in  three  articular  liiroccsses  which  receive  two 
others  of  the  dorsal  sjiine  between  them”. 

By  far  the  most  complete  information  on  the  anterior  part  of  the  vertebral  column  is 
given  by  W.  Sorensen  (32,  p.  63  etc.);  it  is  not  only  correct  in  all  essentials,  but  likewise  com- 
plete. As  his  paper  is  written  in  Danish  and  therefore  not  so  readily  accessible,  I may  give 
here  a full  translation  of  his  remarks. 

“The  necessary  sup|)ort  for  the  interspinous  bone  (of  the  large  siiine)  is  obtained  in  a 
very  complicated  manner.  The  transverse  processes  of  the  first  vertebra,  which  are  not  a 
little  shorter  than  those  of  the  following  vertebrae,  fit  into  a pair  of  transverse  depressions 
on  the  side  of  the  foramen  magnum;  these  depressions  are  formed  chiefly  by  a prominent 
transverse  ridge  on  the  lateral  occipitals  which  lies  under  the  transverse  processes  of  the 
first  vertebra.  Movement  in  the  articulation  formed  in  this  manner  arises  for  a very  small 
part  from  articulating  surfaces,  mostly  from  ligamentous  connective  tissue.  The  articulation 
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permits  some  movement  up  and  down,  but  very  little  from  side  to  side,  the  latter  being 
rendered  even  more  difficult  by  the  stout  transverse  ])rocesses  on  the  2nd  to  the  4th  vertebrae 
being  bound  by  means  of  dense  connective  tissue  with  some  keeled  scales,  which  are  con- 
siderably larger  and  especially  longer  than  the  remainder  of  the  external  covering.  In  this 
wa3'  movement  between  the  first  4 vertebrae  is  also  considerably  reduced.  The  interspinous 
bone  of  the  long  spine  is  not  so  long  and  scarcely  so  stout  as  the  spine  itself;  it  is  a dagger- 
shaped, almost  rounded  bone,  with  two  grooves,  in  front  and  hehind,  for  muscular  tendons. 
It  is  well-supported  at  the  base  owing  to  the  fact,  that  the  part  which  extends  up  over  the 
spinous  process  of  the  3rd  vertebra  is  connected  with  a (rajdess)  interspinous  bone,  which 
is  provided  laterally  with  a pair  of  low  muscular  crests  in  the  form  of  a rounded  ridge,  the 
lower  end  of  which  is  wedged  in  between  the  siiinous  jirocesses  of  the  2nd  and  3rd  vertebrae 
and  even  reaches  to  the  vertebral  arches.  A similar,  but  slightly  weaker  (rayles.s)  interspinous 
bone  is  found  between  the  1st  and  2nd  vertebrae,  and  a similar,  but  much  weaker  interspinal 
rests  aigainst  the  anterior  face  of  the  siiinous  process  of  the  1st  vertebra  and  above  sends 
forwards  a process,  which  is  connected  hj'  means  of  a short  and  tough,  ligamentous  connec- 
tive tissue  with  a similar  process  on  the  supraocciiiital.  The  whole  of  this  narrow  bony 
plate  formed  by  the  rayless  interspinous  hones  is  flexible,  but  the  single  pieces  are  not  arti- 
culated together;  the  interspinous  bones  themselves  aire  connected  b^'  a kind  of  “harmonia” 
and  their  upper,  thickened  margins  are  united  by  a kind  of  suture.  ~ In  agreement  with 
this,  the  connections  between  the  first  4 vertebrie  are  but  little  movable,  as  their  arches  (and 
articulating  surfaces)  are  ke])t  in  ])lace  over  a fairly  long  distance  by  a kind  of  “barmonia  ”. 
— The  vertebral  centra  are,  as  is  usually  the  case  where  the  connections  are  immovable, 
slender  and  of  the  ordinary  hour-glass  shape.  The  interspinous  bone  ends  above  in  3 com- 
pressed elevations,  one  medially  and  one  weaker  on  each  side.  The  central  elevation  is 
thickened  at  the  middle  of  its  upper  edge  into  a knot,  which  is  raised  somewhat  and  has  on 
the  sides  a small  i)it,  into  which  lits  a i)rotuherance  or  button  on  the  inner  side  of  the  deeply 
cleft  base  of  the  ray.  In  this  wav  is  formed  the  articulation  between  the  ray  and  interspinous 
hone.  - On  the  lateral  faces  of  the  central  elevation  on  the  interspinous  bone  and  on  the 
pinner  surfaces  of  the  dee|)ly  cleft  base  of  the  ray  there  are  about  ten  circular,  sharp-edged 
keels  (fig.  16),  which  lit  into  one  another  and  are  shiny  (as  if  ])olished)  at  the  margin  and  on 
the  one  side:  the  keels  of  the  interspinous  bone  on  the  surface  directed  upwards,  those  on 
the  ray  on  the  downward  surface.  On  the  outer  sides  of  the  deeply  cleft  base  of  the  s|)ine 
and  on  the  inner  side  of  the  two  outer  elevations  on  the  interspinous  bone  there  are  similar 
keels,  but  onh'  a few  and  mucb  weaker. 

Musculature.  For  the  long  spine  there  are  the  usual  2 pairs  of  muscles;  the  M.  ante- 
riores,  which  are  much  stronger  than  the  M.  posteriores,  fill  the  .space  between  the  interspi- 
nous hone  and  the  rounded  muscular  ridge  on  the  preceding  (rayless)  interspinous  bone. 
Both  ])airs  are  provided  with  long  tendons,  which  are  attached  somewhat  high  up  on  the  ray. 

In  the  dead  fish  the  long  spine  is  so  fixed  that  it  cannot  be  moved,  neither  by  means 
of  its  muscles  nor  b_v  the  lingers  without  using  force.  After  I had  observed  the  above  de- 
scribed, circular  keels  and  their  nature,  and  thus  learnt  that  the  fixing  depends  on  the  down- 
ward pressure  of  the  ray  on  the  inters])inous  hone,  1 was  able  to  unfix  the  joint  by  raising 
tbe  ray  and  at  the  same  time  giving  it  a circular  turn,  just  as  was  the  case  with  the  earlier 
described  Triacanthus.  The  ray  is  most  jn-obably  fixed  by  the  simultaneous  action  of  the 
M.  anteriores  and  posteriores.  — The  specimens  were  too  small  to  determine  whether  the 
Ijortions  of  connective  tissue,  which  occur  between  the  spine  and  the  interspinous  bone, 
either  the  front  part  or  that  at  the  joint,  serve  to  undo  the  latter,  similar  to  what  occurs  in 
Triacanthus;  how  the  lish  itself  unlocks  the  joint  is  thus  unknown”. 

In  different  recent  authors,  such  as  Cope,  Jordan  and  Evermann,  Bean  and  Goode,  Starks, 
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Jordan  and  Starks,  the  diagnoses  state  that  the  anterior  vertebrae  are  elongated,  but  nothing 
is  added  to  what  has  been  observed  by  the  earlier,  above-named  authors. 

The  fact  alone,  that  ribs  occur  and  that  the  anterior  vertebrae  are  not  elongated  in  the 
fossil  genus  Rhamphosiis  Ag.  shows  that  this  cannot  be  nearly  related  to  Centriscus.  This  has 
been  generally  accepted  hitherto  (cf.  Smith  Woodward  (36,  p.  377)),  since  Blainvilke  brought 
the  oldest  known  specimen  even  into  the  genus  Centriscus  as  C.  aciileatus.  Agassiz  retained 
this  alliance,  but  believed  that  there  were  “differences  assez  marquantes  pour  constituer  un 
petit  genre  a part”  (1  b,  p.  271).  On  reading  through  Agassiz’  description  of  the,  at  that  time, 
only  species  Rh.  aculeatus,  we  very  soon  see,  however,  that  the  resemblances  to  be  found 
with  Centriscus  are  on  the  whole  quite  superficial.  The  long  dorsal  spine,  for  example, 
shows  quite  different  relations  to  the  skeleton;  it  seems  to  be  placed  far  forward  just  behind 
the  head  and  is  not  followed  bj'  other  “spines”;  the  snout  has  nothing  like  the  characteristic 
tube-form  with  terminal  mouth ; the  mouth  lies  in  under  a prolonged  snout  (“Le  museau  est 
tres-saillant,  en  forme  de  rostre  depassant  de  beaucoup  les  machoires;  celles-ci  s’ouvrent  pen 
et  sont  placees  immediatenient  au-dessous  I’orbite”;  p.  270);  the  ventral  fins  are  large  and  are 
placed  on  the  thorax  etc.  1 may  add  to  this  that,  according  to  Agassiz’  figure  (PI.  32,  fig.  7), 
the  ra3fs  in  the  dorsal,  anal  and  caudal  fins  are  branched  or  divided;  the  same  is  the  ca.se 
in  the  species  Rh.  biserratus,  later  described  by  Bassani  (2).  Every  trace  of  the  ventral  armour 
is  absent  and  the  external  bony  plates  connected  with  the  large,  postoccipital  spine  have  not 
the  least  resemblance  to  the  dorsal  armour  in  Centriscus. 

It  is  stated,  certainly,  by  Vaillant  {33a,  p.  127;  33b,  p.  339)  that  he  had  found  quite  similar 
small  scales  in  Rh.  aculeatus  to  those  in  Centriscus,  and  — if  I understand  him  rightly  — he 
is  not  disinclined  to  make  one  genus  of  those  two;  he  writes:  “H  me  parait  done  hors  de 
doute  que  dans  ce  genre  fossile,  si  tant  est  qu’il  doive  etre  conserve,  la  structure  des  ecailles 
etait  la  meme  que  dans  le  genre  actuellement  existant”. 

In  spite  of  this  and  though  I have  not  had  the  opportunity  to  examine  specimens  of 
this  form  personally,  I venture  to  say,  that  Ramphosiis  cannot  be  related  to  Centriscus,  and 
indeed  that  it  can  by  no  means  be  placed  anywhere  within  the  group  of  families,  which  I 
have  provisionally  called  “Hemibranchii”  1-  “Lophobranchii”  in  the  Introduction  to  this 
communication. 

12;  p.87  (49): 

Begarding  the  skeleton  of  the  head  the  earlier  literature  gives  us  just  as  little  as  for 
Amphisile.  Bosenthal  has  given  the  onlj'  figure  known  to  me  of  the  skeleton  in  Centriscus; 
but  it  is  practically  useless  (1.  c.  PI.  X,  fig.  11);  the  few  statements  in  the  explanation  to  the 
figure  (pp.  36,  37)  only  serve  to  show  that  he  has  understood  very  little  of  the  structure  of 
the  head.  Nor  do  Agassiz  and  Gunther  give  anything  more  than  what  is  superficially  quite 
obvious;  Gunther  rightlj'  remarks,  however,  that  “The  interoperculum  is  extremely  narrow 
and  elongate”.  Recentlj"  Siebenrock  has  figured  the  posterior  portion  of  the  skull  in  Centriscus 
and  remarks  that  the  parietals  are  wanting  (29,  p.  131);  and  Starks  (30,  p.  624)  notes  the  same 
thing,  as  also  that  the  opisthotic  is  wanting,  that  the  articulating  surface  on  the  basioccipital 
is  concave  (in  contrast  to  Aulostomichv,  as  Bruhl  however  had  alread\^  remarked),  that  the 
uppermost  portion  of  the  pectoral  girdle,  the  posttemporal,  is  suturally  connected  with  the 
cranium,  and  that  there  is  a well-developed  “myodome”.  His  statements  “pterotic  normal  in 
position”  and  “basisphenoid  small”  are  however  incorrect. 

Cope  was  the  first,  so  far  as  known  to  me,  to  give  information  regarding  the  branchial 
arches  in  Centriscus  (G,  p.  457),  namely:  “F'ourth  sujierior  branchihyal  and  first  and  fourth 
superior  pharA’ngeals  only  wanting”.  This  is  however  quite  wrong.  It  is  repeated  nevertlieless 
by  Gii.l  (12a,  pj).  156  and  163),  Jordan  and  Evermann  (19,  j).  742)  and  Jordan  and  Starks  (20,  p.  68), 
and  bj’  Goode  and  Bean  (13,  p.  483). 

D.  K.  D.  Vidensk.  Selsk.  Skr.,  7.  Ra>kke,  naturvidensk.  og  malhem  Afd.  VI.  2. 
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Regarding  the  hyoid  I only  find  the  following  in  Gunther  (14  a,  p.  520);  “the  glossohyal 
is  long,  feeble,  gradually  lost  in  the  inemhrane  which  forms  the  bottom  of  the  ventral  tube”, 
which  is  only  jiartly  right. 

13;  p.88  (50): 

Several  previous  authors  have  endeavoured  to  describe  the  pectoral  girdle  in  Centriscus; 
as  they  are  not  mentioned  by  Starks,  I may  give  here  what  I have  been  able  to  find  in  the 
literature. 

Geoffroy  St.  Hilaire  (10a,  Rl.  29)  gives  an  incomplete  and  verj'  imjierfect  figure  of  the 
shoulder  girdle  in  C.  scolopax.  The  ujijier  broad  part  of  the  clavicle  is  called  omoplate  (o), 
the  lower  the  clavicle  (c);  .sca|)ula  | coracoid  + hasalia  are  included  under  one  name  hu- 
merus (/i);  ]K)stclavicle:  furculaire  (/').  According  to  the  note  (p. 372,  explanation  of  Plate)  the 
form  and  apparent  (but  misunderstood)  relation  of  the  latter  hone  to  its  fellow  in  Centriscus 
seems  to  have  induced  the  comjiarison  with  the  furcula  of  birds.  In  10b  (p.  424)  we  find 
some  further  remarks  on  this  bone  (postclavicle)  and  its  relation  to  a hone  on  the  ventral 
margin,  which  so  far  as  I can  understand  the  description  must  he  the  pubic  hone.  Rosenthal 
(27;  PI.  X,  tigs.  11  and  12,  Text  pp.  36  and  37)  states;  “Die  Giirtelknochen  (i.  e.  Clavicle)  bestehn 

aus  zwei  Stiicken,  von  denen  das  ohere  sehr  klein  ist .r.  Eine  breite,  unten  wie  ein  Schilfs- 

kiel  zusammenlaufende  Lamelle,  die  diescm  Fi.sch  eigenthiimlich  ist  (i.  e.  coracoid;  a note 
adds:  “Diese  als  ein  .Stiick  des  Flos.sengliedes  anzunehmen  ist  man  wohl  um  so  weniger  herech- 
tiget,  da  heide  dem  radius  und  der  ulna  ent.sjirechenden  Stiicke,  wie  in  den  iihrigen  Fischen 
auch  bier  vorhanden  sind”.  This  means  possibly  the  2 bones  a and  b in  fig.  12)  s.  Der  stiel- 
formige  Reckenknochen  (i.  e.  postclavicle),  der  bier  mit  dem  Rauchllossengliede  /.  sehr  lest 
vcrhunden  ist”.  His  interpretation  of  this  hone  as  the  pubic  is  further  explained  in  the  note. 
It  is  seen  from  the  explanation  to  fig.  12,  which  represents  the  sejiarated  jiarts  of  the  pectoral 
girdle,  that  Rosenthal  has  correctly  seen  the  suprascaimlar  “(1)  das  ohere”  and  the  clavicle 
“(2)  das  untere  Stiick  der  Giirtelknochen”;  a and  b “Stiicke  des  Rrustllo.ssengliede.s”  are  the 
scapula  and  the  lowermost  (4th)  large  basal. 

Agassiz  (Ih,  j).  272)  makes  the  following  remark:  “Le  cubitus  (i.  c.  coracoid)  est  une  large 
plaque  dont  le  hord  inferieur  forme  uuc  longue  carene  le  long  du  ventre”. 

Rruhl  (5a)  has  copied  (on  Plate  XH,  fig.  23)  Geoffroy’s  figure,  which  has  not  been  im- 
proved on  re])roduction ; and  Rruhl  does  not  seem  to  have  closely  investigated  the  structure 
himself.  The  clavicle  is  called  the  “vorderes  Schliisselbein”  (v.  Schl.),  the  po.stclavicle  the 
“hinteres  Schl.”  (h.  Schl.);  regarding  the  latter  we  find,  p.  176,  c “hei  einigen  Fischen  stossen 

sie  wirklich  durch  Symiihyse  zusammen,  so  hei Centri.scus”;  but  this  does  not  apjdy  to 

Centriscus,  nor  does  the  following;  “Reim  letzteren  . . . . tragen  die  so  unten  verhundenen  hin- 
tern  Schliisselheine  sogar  die  Reckenknochen”.  The  remaining  parts  of  the  pectoral  girdle 
are  not  specially  mentioned,  hut  the  lettering  on  the  figures,  VA,  compared  with  the  text 
p.  176,  3,  a,  shows  that  they  are  together  included  under  “Oher-  und  Vorderarmknochen”,  of 
which  1 is  given  as  “Humerus”,  2 as  “Radius”  without  the  figure  showing  aii}'  boundary 
between  two  hones,  just  as  little  as  in  Geoffroy’s  original. 

Gunther  (l4a,  p.  521)  writes:  “Another  peculiarity  is  the  great  breadth  of  the  radius 
(i.  e.  the  coracoid),  this  bone  forming  with  its  fellow  a suture  which  is  as  long  as  the  hone 
is  high;  there  is  an  oval  free  space  between  the  radius  and  the  humerus  (i.  e.  clavicle).  The 
coracoid  (i.  e.  postclavicle)  is  very  strong,  straight,  sabre-shaped,  extending  backwards  to  the 
pubic  bones,  which,  however,  are  not  fixed  to  it  and  quite  small”. 

Gegenbaur  (9,  p.  128)  writes;  “Rei  Centriscus  stellt  das  Schulterstiick  einen  breiten 
Knochen  dar,  der  durch  zwei  von  ohen  nach  ahwiirts  (con)  vergirende  Leisten,  die  eine  rund- 
liche  OefTnung  zwischen  sich  fassen,  ausgezeichnet  ist.  Der  Vorderrand  des  Knochens  lehnt 


67 


105 


an  eine  Lamelle  der  Clavicula;  am  ganzcn  Hinterrande  sitzen  die  Basalsliicke  dcr  Brustflosse. 
Eine  Zusammcnsetzung  dieses  Knochens  aus  niehreren  aiifzufinden,  habe  ich  vergeblich  niicb 
bemubt”. 

SiEBENROcK  (29),  wlio  lias  only  investigated  tbe  nature  of  tbe  connection  of  tbe  i)ectoral 
girdle  to  tbe  skull,  includes  Cenlrisciis  in  bis  Group  d,  in  wbicb  all  3 elements  of  tbe  pectoral 
girdle  are  present;  on  p.  123  be  states,  that  in  tbis  tbe  uppermost  element,  suprascapular 
(i.  c.  my  posttemporal),  is  not  forked,  but  broad  and  short;  p.  130  be  says:  “Das  Suprascapu- 
lare  bildet  die  aussere  Ecke  des  Hinterbauptes  und  bat  eine  grubenformige  Vertiefung  zu 
Anlenkung  des  Scapulare  (my  supraclavicle),  die  bei  C.  immer  nocb  vom  Pleurooccii)itale 
(my  epiotic)  begrenzt  wird”.  On  PI.  V,  fig.  9,  be  gives  a figure  of  tbe  posterior  portion  of  tbe 
skull  and  tbe  upper  end  of  tbe  pectoral  arcb;  on  p.  131,  it  is  said,  that  Bosenthal  does  not 
seem  to  bave  known  tbe  “suprascapulare”,  wbicb  is  attached  to  the  skull,  but  only  the  other 
two  elements. 

14;  p.  89(51): 

Regarding  tbe  pubic  arcb  itself  I have  not  found  any  remarks  in  the  literature  beyond 
the  following  by  Agassiz  (lb,  p.  272): 

“Les  nageoires  ventrales  n’offrent  rien  de  particulier.  Mais  ce  cpi’il  y a de  remarcjuable, 
e’est  que  I’os  du  bassin  auquel  s’atlache  la  jietite  ventrale,  est  fixe  entre  les  deux  osselets 
styloides  de  la  ceinture  Iboracique;  ce  qui  confirme  jileinement  I’opinion  de  Cams,  que  cet 
osselet  doit  etre  envisage  comme  appartenant  aux  extremites  posterieurcs,  dont  il  serait  une 
espece  d’ileon”. 

15;  p.89  (51): 

Whilst  the  number  of  rays  in  tbe  ventral  fins  is  correctly  given  by  many  authors, 
amongst  them  by  Linne  (in  tbe  formula;  but  later  he  says:  “Pinnae  ventrales  binae,  4-radiatae”), 
Lacepede,  GiiNTHER,  it  has  not  been  noticed  as  a rule,  that  tbe  outermost  is  a spinous  ray; 
Gunther  even  maintains  the  contrary,  as  be  has  in  bis  diagnosis  of  tbe  genus  Cenliiscus 
(14a,  p.  518):  “Ventrals . . . . composed  of  five  soft  rays”  and  regarding  tbe  species  C.  scolopax 
(p.  520)  “aiiparently  without  spine”.  On  tbe  other  hand,  a number  of  American  authors  credit 
tbe  ventral  fins  with  a spinous  raj',  but  with  too  manj'  soft  rays;  thus  Gill  (12a,  ji.  163):  “a 
.spine  and  several  raj's”,  Goode  and  Bean  (13,  p.  487)  “one  sjiine  and  seven  rays”,  Jordan  and 
Evermann  (19,  p.  758)  “1  spine  and  5 soft  rays”,  Jordan  and  Starks  (20,  p.  68)  “1  spine  and  4 or 
5 soft  raj's”. 

16;  p.92  (54): 

Concerning  the  internal  organs  I find  in  Gunther  (14a,  p.  518)  for  the  genus  Cenlrisciis: 
“Air-bladder  large;  pyloric  apjiendages  none”.  With  regard  to  the  brancbiie  in  tbe  familj' 
Ccnlriscidif,  which  with  Giinther  also  includes  Aniphisile,  it  is  stated  correctly:  “four  gills 
and  pseudobranchise”. 

Hyrtl  includes  Cenlrisciis  (18,  ji.  33)  amongst  the  fishes,  in  wbicb  tbe  right  cardinal  vein 
is  obviously  much  larger  than  the  left. 


14* 


LITERATURE  CITED. 


la.  Ac.assiz,  L. : Kecherclius  sur  les  Poissons  fossiles.  1833—43.  Tome  1. 

lb.  — — - - — Tome  4.  Ctenoicles. 

2.  Uassani,  Fh.  ; Pesci  fossili  novi  del  Calcare  Eoceno  di  Monte  Bolca.  Atti  della  Soc.  Veiieto-Tren- 
tina  Sc.  Nat.  Vol.  5.  (Tav.  11).  1876. 

3a.  Boulkngkh,  G.  A.;  Notes  on  the  Classification  of  Teleostcan  Fishes.  III.  On  the  Systematic  Posi- 
tion of  the  Genus  Lampris,  and  on  the  Limits  and  Contents  of  the  Suborder  Catosteomi. 
Annals  and  Magazine  of  Nat.  History.  7ili  Ser.  Vol.  10.  1902. 

3h.  — A Synopsis  of  the  Suborders  and  Families  of  Teleostcan  Fishes.  Ibid.  (7)  Vol.  13.  1904. 

4.  Buidge,  T.  W.  ; The  Mesial  Fins  of  Ganoids  and  Teleosts.  Journal  of  the  Linncan  Societj'.  Zoology. 
Vol.  25.  1896. 

5a.  BrChl,  C.  B.  : Anfangsgrunde  der  vergleichenden  Anatomic  aller  Thierclassen.  Erster  Abschiiitt. 

Die  Skelettlehre  der  Fische.  1847.  Atlas. 

5 b.  — Osteologisches  aus  dem  Pariser  Pflanzengarten.  1856. 

6.  Cope,  E.  D.  : Contribution  to  the  Ichthyology  of  the  Lesser  Antilles.  Transactions  of  the  American 
Philosophical  Society.  Vol.  14.  N.  S.  1871. 

7 a.  Cuvier,  G.  : Le  Regne  animal.  Nouv.  Edit.  Tome  2.  1829. 

7 b.  — Lemons  d’Anatomie  comparee.  2e  Edit.  T.  1.  1835. 

8.  Emery,  C.  : Note  ittiologiche.  Atti  della  Societii  Italiana  di  scienze  naturali.  Vol  21.  1878. 

9.  Gegenraur,  C.  : Untersuchungen  zur  vergleichenden  Anatomic  der  Wirbelthiere.  2tes  Heft.  1. 

Schultergiirtel  der  Wirbelthiere.  1865. 

10a.  Geoefroy  St.  Hilaire:  Premier  memoire  sur  les  Poissons,  oil  Ton  compare  les  pieces  osseuses  de 
leurs  nageoires  pectorales  avec  les  os  de  l e.Ytremite  antth'ieurc  des  autres  animaux  a 
vertebres.  Annales  du  Museum  d’Histoire  Naturelle.  Tome  IX.  1807. 

10  b.  — Second  memoire.  Sur  I’Os  F'urculaire,  une  des  pieces  de  la  Nageoirc  pectorale.  Ibid. 

11.  Gervais,  P.:  Zoologie  et  Paleontologie  francaises.  2ieme  Edit.  1859. 

12  a.  Gill,  Th.  : On  the  mutual  relations  of  the  Hemibranchiate  Fishes.  Proc.  of  the  Academy  of  Natural 
Sciences  of  Philadelphia.  1884. 

12  b.  — Arrangement  of  the  Families  of  Fishes.  1872. 

12c.  — On  the  Relations  of  the  Fishes  of  the  Family  Lamprididae  or  Opahs.  Proc.  Un.  St.  Nat.  Mus. 

Vol.  26.  1903. 

13.  Goode,  G.  B.  and  Bean,  T.  H.;  Oceanic  Ichthyology.  Mem.  Mus.  Comp.  Zoology  at  Harvard  College- 
Vol.  22.  1896. 

14a.  Gunther,  A.:  Catalogue  of  the  Acanthopterygian  Fishes  in  the  Collection  of  the  British  Museum. 
Vol.  3.  1861. 

141).  — An  Introduction  to  the  Study  of  Fishes.  1880. 

15.  Heckel,  J.  J.  : Beitrage  zur  Kenntniss  der  fossilen  Fische  Oesterreichs.  Denkschriften  d.  m.  n.  Cl. 

d.  K.  K.  Ak.  Wien.  11  Bd.  1856. 

16.  Hertwig,  O.:  Uber  das  Hautskelet  der  Fische.  HI.  Morpholog.  Jahrbuch.  7.  Bd.  1881. 

17.  Hilgendorf,  F.  : Die  Fischgattung  Amphisile  (A.  Finschii  n.  sp.).  Sitzungsber.  der  Gesellscbaft  na- 

turforschender  Freunde  zu  Berlin.  1884. 


69 


107 


18.  Hvrtl;  Das  uropoetische  System  der  Knocheiiflsche.  Denkschriften  der  K.  K.  Akad.  Wien.  m.  n.  Cl. 

1850. 

19.  Jordan  and  Evermann;  The  Fishes  of  Nortli  and  Middle  America.  Part.  1.  1896.  Bull.  U.  S.  National 

Museum  No  47. 

20.  Jordan,  D.  St.  and  Starks,  E.  Ch.  : A Review  of  the  Hemibranchiate  Fishes  of  Japan.  Proc.  U.  S. 

Nat.  Museum.  Vol.  26.  1903. 

21a.  Kner,  R.;  Uber  einige  noch  unbeschriebene  F'ische.  Sitzungsher.  der  K.  K.  Akad.  d.  Wissensch.  in 
Wien.  39.  Bd.  1860. 

21b.  — Uber  den  F’lossenbau  der  F’ische.  11.  Sitzungsher.  der  K.  K Akad.  d.  W.  Wien.  42.  Bd.  1861. 

22.  Lacepede:  Histoire  naturelle  des  Poissons.  T.  3.  An  Vlll,  (1800).  (Edit,  in  12°). 

23a.  Linn.eus,  C.:  Systcma  Naturre.  Ed.  X.  T.  1.  Holmite.  1758. 

23b.  - — - Ed.  Xll.  T.  1 — 1766. 

23c.  — — — Ed.  Xlll.  T.  1.  Pars  111.  1788.  Gmelins  Edit. 

24  a.  Lutken,  C.  F’.  ; Om  Arterne  af  Shegten  Amphisile  (Kl.)  Cuv.  Vidensk.  Medd.  Naturh.  F'orening  i 
Kjabenhavn  for  1865. 

24  b.  — Spolia  atlantica.  Bidrag  til  Kundskab  om  Formforandringer  bos  F'iske  etc.  Vidensk.  Selsk. 

Skr.,  5.  R.,  naturv.  math.  Afd.  12.  6.  1880. 

25a.  Regan,  C.  Tate:  Journal  Bombay.  Nat.  Hist.  Soc.  XVI.  1905. 

25b.  — • On  the  Anatomj',  Classification,  and  Systematic  Position  of  the  Teleostean  F'ishes  of  the 

Suborder  Allotriognathi.  Proc.  Zool.  Soc.  Lond.  1907. 

25  c.  — Biologia  Centrali-Americana.  Pisces.  1906  — 1908. 

26.  Richardson,  J.  : Fishes,  in  The  Zoology  of  the  Voyage  of  H.  M.  S.  Erebus  & Terror.  Vol.  2 1844—48. 

27.  Rosenthal,  F.  : Ichthyotomische  Tafeln.  Text,  Isle  Lieferung.  Bauchflosser.  Zweites  Heft.  1816. 

Atlas.  Tab.  X. 

28.  Salvage,  H.  E.  : Notice  sur  les  Poissons  de  F'roidefontaine.  Bulletin  de  la  Soc.  Geolog.  de  France. 

(2)  T.  27.  1870  (1871). 

29.  Siebenrock,  Fr.  ; Uber  die  Verbindungsweise  des  Schultergiirtels  mit  dem  Schadel  bei  den  Teleo- 

steern.  Annalen  des  K.  K.  Hofmuseums.  Bd.  16.  1901. 

30.  Starks,  E.  Ch.:  The  Shoulder  Girdle  and  Characteristic  Osteology  of  the  Hemibranchiate  F’ishes. 

Proc.  U.  S.  National  Museum.  Vol.  25.  1902. 

31.  Steindachner,  Fr.  : Uber  Amphisile  scutata  und  A.  macrophthalma  n.  sp.  Verhdl.  der  K.  K.  zoolog. - 

botan.  Gesellschaft  in  Wien.  1860. 

32.  Sorensen,  Will.  : Om  Lydorganer  hos  F’iske.  (Dissert.).  1884. 

33a.  Vaillant,  L.:  Les  ecailles  du  Chaiinax  piclus  Lowe  et  du  Centriscus  scolopax  Linne.  Bull.  Soc. 
Philomat.  de  Paris.  (7)  T.  12.  1888. 

33  b.  — Expeditions  scientifiques  du  Travailleur  et  du  Talisman.  Poissons.  1888. 

34.  Willey,  A.:  Contribution  to  the  Natural  History  of  the  Pearly  Nautilus.  1.  Personal  Narrative. 

Zool.  Results.  Part.  VI.  1902. 

35.  WiNTHER,  G. : Om  Bugfinnernes  Bygning  hos  vore  pandserkindede  og  kutlingagtige  F’iske.  Natur 

historisk  Tidsskrift.  3.  Rjekke.  9.  Bind.  1874. 

36.  Woodward,  A.  Smith  : Catalogue  of  Fossil  F’ishes.  Part.  IV.  1901. 


liXPLANATION  OF  THE  PLATES. 


Head.  pt; 

sq; 

Dorsal  cuirass.  1—5: 

1-V: 

T: 
scl: 
cl : 


Dorsal  Hii.  r; 
Ventral  cuirass.  1 — 14; 

1: 


s : 


Plate  I. 

Fig.  1 ; Amphisile  sciitata  (L.)  Glhr.  x 2. 

posttemporal  (supraclavicular  I), 
pterotic  (squamosal), 
upper,  dorsal  row  of  plates. 

lower,  lateral  row.  The  line  on  which  the  numbers  stand  corresponds  to  the 
inner  ridge  conneeted  with  the  vertebral  eolumn. 
dorsal  spine, 
supraelavieular  (11). 
elavicular. 

The  dotted  lines  indicate  the  canals  tor  the  lateral  line, 
interspinous  bones  forming  stays  for  the  membrane  of  first  dorsal  lin. 
ventral  plates. 

thickened  stripe  or  rachis  of  the  same. 

separate  plate  between  (the  fifth)  ventral  plate  and  the  clavicle, 
upper  boundary  line  of  the  transparent  ventral  keel. 


Fig.  2:  Posterior  pari  of  Amphisile  piinctiilata  Bianc.  x 2. 

Dorsal  lin.  1;  lateral  bony  piece  of  dorsal  spine  T. 
t:  ventral  bony  piece  of  the  same. 

K;  spinous  ray  supported  by  the  fourth  interspinous  bone. 
Other  letters  as  in  Fig.  1. 


Fig.  3:  Cenirisciis  scolopax  L.,  not  fully  grown  specimen,  x ca.  2. 

The  scales  are  omitted;  only  the  larger  seutes  forming  the  armour,  and  the  crests  on  the  head 


are  shown. 
Ventral  armour. 

Dorsal  fin. 


1 — 9;  row  of  paired  seutes. 

1_V1:  row  of  unpaired,  keeled  scutes.  , , , s 

H-  first  spinous  ray  of  the  foremost  dorsal  (absent  in  Amphisile  pimctulata). 
r’:  first  ray  (spinous)  of  second  dorsal  (absent  in  Amphisile). 

Other  letters  as  in  Figs.  1 and  2. 


Plate  II. 


Branehial  skeleton, 
hones  of  the  gill-cover. 


Fig.  1:  Amphisile  scutala.  Skeleton,  x 2. 

except  the  urohyal,  removed;  further  the  left  mandibular  suspensorium  and 
and  left  supraclavicular  (11).  Of  the  dermal  skeleton  parts  of  the  ventral 


71 


109 


scutes  (the  transparent  keel)  and  of  the  upper  row  of  dorsal  plates  as  well  as  the  dorsal  spine  are  pre- 
served. Through  the  latter  are  seen  the  cartilaginous  axes  of  the  interspinous  bones  3 and  4. 

Head.  so:  supraoccipital. 

pt:  posttemporal  (supraclavicular  1). 
sq:  pterotic  (squamosal), 
fr:  frontal, 
prf:  prefrontal, 
pf:  postfrontal, 
na:  nasal. 

ao;  preorbital  (antorhital). 
pro : preopercular. 
u ; urohyal. 

Trunk.  14:  foremost  group  of  interspinous  hones. 

5 — 7 : the  following  interspinous  hones,  forming  stays  for  first  dorsal. 

*:  first  interspinous  hone  of  second  dorsal. 

I —VI : the  six  elongated  anterior  abdominal  vertehne. 
a,  h:  anterior  and  posterior  part  of  vertebral  arch. 

Shoulder  girdle.  cl : clavicle  (the  part  covered  by  the  cuirass  is  shown  by  the  lighter  shading), 
sc:  scapula, 
co:  coracoid, 
pci : postclavicle, 
o:  foramen. 

Pubic  arch.  i:  “pubic”  bone  or  “pelvis”. 


of  first  dorsal. 


Fig.  2;  Centrisciis  scolopax.  Skeleton,  x ca.  2. 

Head  pa:  palatine. 

ekt:  ectopterj'goid. 
qu : quadratum. 
mt:  metapterygoid, 
sy:  S3'mplectic. 
by:  hyoid. 

Dorsal  fin  and  Trunk.  R’:  first  spinous  ray  \ 

R : second  spinous  ray  / 
r’:  first  ray  (spinous)  of  second  dorsal. 

1’:  lateral  thickening  of  the  upper  end  of  third  interspinous  bone. 

1 : lateral  bony  piece  of  the  upper  end  of  fourth  intersiiinous  bone, 
t:  unpaired  upper  prolongation  of  the  same  interspinal  (cfr.  t figs.  2 and  3 
on  Plate  1). 

5—9:  interspinous  bones,  coalesced  with  more  or  less  reduced  spinous  rays,  for- 
ming stays  for  the  membrane  of  first  dorsal. 

I — V:  five  anterior  elongated  abdominal  vertebra?. 

Shoulder  girdle,  scl:  supraclavicular  (II). 

Pubic  arch.  i:  part  of  “pelvis”  corresponding  to  i in  Fig.  1. 

p:  posterior  part  of  pelvis,  roofing  over  the  ventrals  when  pressed  to  the  hod3^ 
Other  letters  as  in  Fig.  1. 
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In  the  contribution  published  in  1908  (23  b)  and  in  the  present  contribution 
I have  endeavoured  to  give  a fuller  and  more  thorough  account  of  the  structure 
of  the  members  of  the  old  Cuvierian  family  “Bouches-en-flute”  and  the  old  Cuvierian 
order  “Lophobranchii”  than  it  would  be  possible  to  gather  from  the  previous  litera- 
ture; and  in  giving  a broader  base  of  facts  than  hitherto  possessed,  especially  con- 
cerning their  osteology,  I hope  to  have  settled  the  question,  how  far  these  forms 
are  really  related,  and  thus  to  have  laid  down  a sound  and  reliable  foundation  for 
their  future  systematic  arrangement.  That  previous  knowledge  of  the  structure  of 
these  fishes  must  be  said  to  have  been  defective  and  that  a thorough  reexamination 
of  their  osteology  was  justified,  is,  1 think,  proved  in  the  descriptive  part  of  my 
papers  and  in  the  notes  which  I have  added.  The  latter  1 have  made  so  full  and 
extensive,  that  any  reader  may  be  in  the  position  to  verify  to  what  extent  the  de- 
scriptions given  by  me  contain  really  new  information,  and  to  realize  the  confusion 
which  on  several  points  has  been  brought  about,  partly  by  defective  observations, 
partly  by  ignoring  facts  already  settled  before. 

The  bulk  of  the  present  paper  is  merely  descriptive;  but  in  a concluding 
chapter  I have  set  forth  the  systematic  arrangement  of  the  fishes  under  considera- 
tion which  seems  to  me  most  in  accord  with  the  anatomical  facts  obtained. 

Aulostomidae. 

Aulostoraa. 

The  following  account  is  based  on  specimens  of  Aulostoma  coloratum  M.  and 
Tr.  As  far  as  I have  seen  the  other  species  A.  chinense  (L.)  does  not  show  any 
differences  of  importance. 

Exoskeleton. 

Aulostoma  is  covered  with  scales ; only  on  the  head  (including  the  posttemporal), 
and  on  the  anterior  part  of  the  back  are  scales  wanting;  through  the  naked  skin 
of  the  back  is  seen,  more  or  less  distinctly,  the  sculptured  surface  of  three  longi- 
tudinal, median,  bony  nuchal  shields.  The  scales  embrace  basally  the  anterior 
margins  of  the  second  dorsal  fin  and  anal  fin  and  cover  part  of  the  caudal 
fin.  Most  of  the  scales  are  ovoid,  with  truncate  hind  margin,  along  which  is  a 
single  row  of  large  teeth;  the  latter  are  independent  structures,  separated  from  the 
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scale-plate,  dropping  off  when  macerated.  The  largest  scales  are  found  along  the 
sides  of  the  hod}^  above  and  helow  the  lateral  line;  their  number  of  teeth,  in 
specimens  of  about  50  ctm.  length,  is  33—37.  In  each  row  the  middle  teeth  are 
largest,  the  size  evenly  decreasing  towards  the  margins.  The  lateral,  smaller  teeth 
show  basally  a small  extension,  which  appears  to  vanish  on  the  larger  and  older 
ones  towards  the  middle.  On  a scale  of  about  3 mm.  length  one  of  the  longest 
teeth  measures  0,352  mm.,  one  of  the  shortest  0,112  mm.  In  another  specimen  of 
ca.  40  ctm.  length,  one  of  the  lateral  body-scales  carries  28  teeth,  a scale  from 
near  the  middle  line  of  the  back  14  teeth,  and  one  from  the  caudal  fin  7.  In  a 
young  specimen  of  110  mm.  length,  scales  from  the  sides  of  the  body  show  7 teeth; 
the  scale-plate  is  0,336  x 0,304  mm.,  the  middle  tooth  0,096  mm.  in  length;  a scale 
from  the  middle  of  the  belly  in  front  of  the  anus  carries  only  3 teeth,  one  median 
and  two  lateral;  the  scale  itself  is  0,282  x 0,192  mm.,  the  median  tooth  0,096  mm.  The 
median  tooth  apparently  is  the  oldest,  and  new  teeth  are  formed  in  pairs,  one  on  each 
side  of  the  first  etc.  in  a similar  way  as  G.  Wixther  (58)  has  shown  the  scale-teeth  to 
originate  in  Gobiiis.  It  would  be  of  some  interest  to  have  for  examination  still  younger 
specimens  which  might  decide  if  the  development  begins  with  a simple  scale-plate 
without  any  teeth,  on  which,  later,  a single,  median  tooth,  appears,  next  the  first  pair 
of  lateral  ones  and  so  on ; or  if  perhaps  one  single  tooth  is  the  first  to  be  formed, 
the  appearance  of  a scale-plate  the  next  step  etc.  In  the  latter  case  some  light 
might  be  thrown  on  the  origin  of  the  dermal  asperities  found  in  two  species  of 
Fistularia;  but  it  has  to  be  remembered  that  in  the  latter  genus  the  small  booklets 
or  denticles  form  one  piece  with  their  basal  enlargement  (cfr.  below). 

The  large  scale-plates  of  Aulosloma  are  provided  with  a great  number  of  con- 
centric strije,  parallel  to  the  margin;  the  number  seems  to  be  about  double  that 
of  teeth  present;  in  the  small  scales  of  young  specimens  only  2 — 3 striae  are  found 
running  along  each  margin  k 

The  canal  of  the  lateral  line  is  not  inclosed  in  the  scales,  but  in  a system 
of  free,  thin,  bony  tubes;  these  tubes  are  uncovered  by  scales  from  the  postfrontal 
to  about  the  level  of  the  posterior  margin  of  the  ventral  fins;  from  here  and  further 
backwards  the  tubes  are  sunk  between  the  scales  and  more  or  less  covered  by 
these,  but  the  tubes  will  never  be  found  combined  or  coalesced  with  the  scales. 

Immediately  below  the  skin,  in  the  most  superficial  part  of  the  muscles,  is 
found  a most  richly  developed  system  of  long,  narrow  and  flat  ossifications,  pro- 
bably formed  in  the  outermost  layer  of  the  intermuscular  ligaments.  Corresponding 
to  the  arrangement  of  the  lateral  muscles  these  ossifications  appear  in  a double 
row  on  each  side  above  the  lateral  line,  from  the  head  to  the  tail;  below  the 
lateral  line  the  trunk  shows  two  double  series,  the  tail  only  one,  as  dorsally  to 
the  lateral  line.  In  each  double  row  the  upper  and  lower  members  converge  to- 
wards the  tail,  meeting  at  a very  acute  angle.  In  the  dorsal  row  the  upper  anterior 
member  is  by  far  the  largest,  very  much  surpassing  in  size  any  of  the  others;  it 


5 


271 


is  fastened  by  ligament  to  the  epiotic  of  the  skull  and  reaches  backwards  about 
as  far  as  the  anterior  coalesced  part  of  the  vertebrae.  Its  upper  surface  is  flat,  and 
more  or  less  observable  through  the  skin,  laterally  to  the  median  nuchal  shields; 
the  lower  surface  carries  a thin  vertical  lamella,  originating  from  its  posterior  half, 
to  enlarge  the  face  of  muscular  attachment.  Much  smaller,  but  still  of  consider- 
able size,  is  the  anterior  member  of  the  uppermost  ventral  row;  it  is  in  front  con- 
nected by  ligament  with  another  separate  ossification,  which,  passing  over  the 
branch  given  off  from  the  posttemporal  to  the  first  vertebra,  is  fastened  to  the 
pterotic  of  the  skull;  thus  it  is  from  the  outside  covered  by  the  posttemporal.  The 
“inscription”  itself  lies  below  the  plate  representing  the  coalesced  transverse  pro- 
cesses of  the  anterior  vertebrie  and  dissolves  behind  into  a bundle  of  long  fibres. 
Generally  the  anterior  members  of  the  whole  system  of  “inscriptiones  tendineiE” 
are  the  stoutest.  Into  the  lowermost  ventral  double  row  project  parts  of  the  endo- 
skeleton,  viz.  the  posterior  ends  of  the  postclavicle  and  the  coracoid;  while  the 
former  bone  ends  as  a needle,  the  latter  forms  a bundle  of  threads.  In  a similar 
way  most  of  the  ossified  tendons,  or  “inscriptiones”,  are  split  up  at  both  ends  — 
more  or  less  irregularly  dichotomously 

Endoskeleton. 

The  vertebral  column  consists  of  60  vertebrae,  24  (25)  abdominal  and  36 
(35)  caudal.  The  four  anterior  abdominal  vertebrae  (PI.  I,  figs.  9,  10,  PI.  II,  fig.  10) 
are  elongated  and  coalesced  into  one  piece;  but  distinct  sutures  show  the  composi- 
tion of  originally  separate  elements.  This  part  takes  up  about  one-fifth  of  the 
whole  length  of  the  vertebral  column.  Seen  from  below  (PI.  I,  fig.  9)  the  corpora 
do  not  show  much  of  the  usual  type;  only  the  posterior  one  is  more  like  a normal 
vertebral  body,  otherwise  the  combined  neural  arches  and  the  coalesced  transverse 
processes  constitute  the  dominant  part  of  the  whole.  The  spinous  processes  form 
one  vertical  crest  (PI.  I,  fig.  10),  the  combined  transverse  processes  a similar  one  on 
each  side,  sloping  somewhat  downwards  and  narrowing  posteriorly.  The  single 
elements  are  immovably  joined  through  sutures. 

Closer  examination  of  the  lower  surface  will  show  that  the  bodies  of  the 
second  and  third  vertebra  are  longer,  the  first  and  especially  the  fourth  shorter; 
(in  a specimen,  where  the  whole  coalesced  part  is  61  mm.  in  length,  the  first  body 
is  14  mm.,  the  second  17  mm.,  the  third  18,  and  the  fourth  12  mm.).  The  front 
end  of  the  first  corpus  has  partly  preserved  the  usual  type,  but  the  posterior  part, 
behind  the  openings  for  spinal  nerves  and  blood  vessels  (n),  is  elongated  and  modi- 
fied; the  two  following  have  both  their  ends  elongated  and  modified  to  about  the 
same  extent,  as  will  be  evident  on  looking  at  the  position  of  the  nerve-openings; 
of  the  last  vertebra  only  the  anterior  part  is  elongated  and  modified:  here  the 
nerve-openings  n are  found  at  the  posterior  end,  and  the  posterior  part  of  the 
transverse  process  appears  separated  as  an  independent  process,  as  is  the  case  with 
the  following  free  abdominal  vertebrae.  The  transverse  processes  on  the  second 
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and  third  vertebrae  possess  an  elongated  part,  directed  forwards  (PI.  I,  fig.  10);  that 
of  the  second  vertebra  projects  a little  (PI.  I,  fig.  9,  10*)  and  is  connected  by  a strong 
ligament  with  the  posterior  end  of  the  posttemporal. 

On  examining  the  lateral  aspect  of  the  coalesced  vertebrae  (PI.  I,  fig.  10,  PI.  II, 
fig.  10)  we  find  the  sutures  partially  repeating  the  features  characteristic  of  the  fol- 
lowing free  vertebrae:  in  the  small  bend  (a)  looking  forwards  we  recognize  the  part 
lettered  in  the  same  way  on  the  following  free  vertebrae  (PI.  II,  fig.  10)  and  on  the 
front  end  of  the  first  of  the  fused  vertebrae;  further,  the  process  (b)  of  the  latter, 
which  is  connected  with  the  skull,  will  be  found  to  correspond  with  the  process  (b) 
on  the  free  vertebrae,  that  is  to  say,  it  must  be  regarded  as  an  articular  process, 
not  as  a transverse  one,  and  the  first  vertebra  has  thus  only  developed  the  posterior 
part  of  the  transverse  process  (t). 

The  nerve-openings  observable  in  side  view  (n’)  are  in  a position  about  corre- 
sponding to  that  of  the  ventral  ones  (n,  PI.  I,  fig.  9). 

All  the  following,  free,  abdominal  vertebrae  possess  double  transverse 
processes  (PI.  II,  fig.  10),  i.  e.  there  is  an  anterior  and  a posterior  process  on  each 
side  (or  it  may  be  put  in  this  way:  there  is  one  transverse  process  of  the  same 
length  as  the  whole  vertebra  but  divided  through  a deep  incision  into  an  anterior 
and  a posterior  i)art).  A posterior  process  on  one  vertebra  joins  with  its  hind 
margin  the  front  margin  of  the  anterior  process  on  the  following  vertebra  etc.;  the 
two  adjoining  processes,  belonging  to  two  difierent  vertebrae,  are  almost  of  the 
same  length  on  the  foremost  vertebrae;  but  about  from  the  17th  vertebra  the 
posterior  element  (i.  e.  the  anterior  process  of  the  l7th  vertebra)  grows  a little 
longer  than  its  fellow  (the  posterior  process  of  No.  16),  and  on  the  20th — 24th  vertebrae 
the  difference  is  still  more  marked.  On  the  foremost  vertebrae  these  “double  pro- 
cesses” are  nearly  horizontal  and  directed  straight  outwards  hut  farther  back  they 
gradually  pass  into  a position  directed  downwards  and  a little  backwards,  still,  on 
the  24th  vertebra  (sometimes  on  the  25th)  the  long  anterior  transverse  process  does 
not  unite  with  its  fellow  from  the  opposite  side;  but  on  the  next  the  anterior  pro- 
cesses join  from  opposite  sides  and  form  an  inferior  arch,  terminating  in  a long, 
backwards  directed,  lower  spine.  This  vertebra  (No.  25  or  26)  I therefore  count  as 
the  first  caudal  vertebra.  On  the  preceding,  the  last  abdominal,  vertebra  the 
posterior  transverse  process  is  already  much  shortened,  on  the  first  caudal  it  is 
very  small,  and  on  the  following  it  gradually  vanishes. 

The  spinous  processes  originate  from  the  posterior  part  of  the  neural 
arches.  On  most  of  the  abdominal  vertebrae  they  are  only  low,  and  laterally  com- 
pressed; from  about  the  17th  they  rise  somewhat  and  from  the  20 — 21st  they  grow 
long  and  slender  as  in  most  bony  fishes.  The  anterior  part  of  the  neural  arch  is 
shaped  like  a rather  large,  rounded  process,  which,  together  with  its  fellow  from 
the  opposite  side,  embraces  the  base  of  the  preceding  spinous  process;  this  part  is 
larger  on  the  foremost  vertebrae,  and  diminishes  gradually  backwards.  Below  this 
part  is  found  the  proper  articulation,  formed  by  a triangular  pit  into  which  fits  a 
small  process  from  the  preceding  neural  arch. 
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Ribs  are  wanting. 

Interspinous  bones  are  developed  not  only  in  connection  with  the  dorsal 
and  anal  fin  rays,  but  in  front  of  the  dorsal  fin  a row  of  9 or  10  rayless  inter- 
neurals  is  found,  beginning  immediately  behind  the  skull.  The  three  foremost  of 

the  latter  (PI.  II,  fig.  10,  1—3)  are  more  or  less  distinctly  seen  through  the  skin, 

which  is  here  naked  as  already  mentioned  above,  but  the  following  6 or  7 are 
hidden  below  the  scales.  They  all  consist  of  a horizontal  part,  lying  below  the 
skin  in  the  shape  of  a longitudinal  shield  or  plate,  and  a vertical  part;  they  corre- 
spond in  position  to  the  anterior  9 — 10  vertebrae,  their  vertical  part  being  really 
interposed  in  front  of  the  spinous  processes  of  the  latter.  This  fact  is  less  evident 
in  the  case  of  the  four  elongated  and  fused  vertebrae,  but  very  easily  seen  in  the 
following  free  vertebrae.  The  modified  interspinous  bones  form  a continuous  row, 

in  which  not  only  the  horizontal  shields  are  joined  (through  sutures)  but  also 

the  vertical  parts.  The  anterior  three*  are  much  larger  than  the  rest,  which 
decrease  evenly  in  size  backwards,  especially  with  regard  to  their  shield-parts.  The 
upper  face  of  the  latter  is  sculptured  with  quite  regular  longitudinal  striae  on  the 
3 anterior  ones;  feeble  traces  are  seen  on  the  fourth  and  still  some  faint  and  in- 
distinct remnants  may  be  observed  on  the  following  one  or  two.  From  the  hind 
margin  of  the  second  passes  out  on  each  side  a long,  flat  and  slender  splint  of 
bone,  looking  like  an  ossified  tendon  fused  to  the  shield;  similar,  but  much 
shorter  ones  proceed  from  the  posterior  margin  of  the  following  shields,  except  the 
last,  and  are  concealed  below  the  plate  of  the  next  shield,  while  the  long  “cornua” 
from  the  second  nuchal  shield  diverge  among  the  muscles. 

The  vertical  part  (the  main  part  or  stem  of  the  typical  interspinous  bone)  is 
elongated  longitudinally  according  as  the  upper  edge  is  modified  into  a shield;  it 
is  most  elongated  and  at  the  same  time  lowest  in  the  3 foremost  interneurals  (the 
“nuchal  shields”),  increasing  in  height  backwards  with  decreasing  length;  its  lower 
margin  is  cleft,  thus  embracing  the  crest  formed  by  the  fused  arches  and  spinous 
processes.  The  foremost  as  well  as  the  fourth  to  the  tenth  interneurals  show  most 
distinctly  that  the  position  is  originally  in  front  of  the  corresponding  spinous  pro- 
cesses as  is  usually  the  case  in  fishes.  The  foremost  is  connected  with  the  supra- 
occipital  by  ligament.  Immediately  behind  the  row  of  rayless  interneurals  appear 
those  supporting  the  (9— )10  isolated  rays,  which  together  constitute  the  first  dorsal 
fin;  each  ray  of  the  latter  is  a spine  having  a small  separate  fin-membrane.  These 
interneurals  are  considerably  smaller  than  the  preceding  and  of  a different  shape 
(PI.  II,  fig.  10,  10 — 16);  they  do  not  form  a closed  row  nor  do  they  reach  to  their 
corresponding  vertebrae.  The  foremost  corresponds  to  the  11th  (or  lOlh)  vertebra, 
between  each  of  the  following  is  an  interspace  with  one  or  two  spinous  processes. 

* Only  these  three  “shields”  have  been  mentioned  previously.  Gunther  (16a  p.  537)  says; 
“A  long  narrow  bony  shield,  half  as  long  as  the  snout,  is  joined  to  the  occiput  and  extends  along  the 
neck.”  But  1.  c.  p.  538  he  says  (A.  chinense) : “the  three  single  plates  of  which  the  nuchal  shield  is 
composed  are  more  distinct.” 
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Like  the  preceding  modified  interneurals  they  all  consist  of  only  one  single  piece 
(are  “unisegmented”) ; in  position  they  are  about  horizontal.  The  interneurals 
supporting  the  second  dorsal  fin  number  26  or  27;  except  the  foremost  and  hind- 
most they  are  “hisegmented”,  a small  ossicle  (with  a median  cartilaginous  centre) 
occupying  the  cleft  base  of  each  ray  and  connecting  through  cartilage  with  the 
main  part  or  stem.  The  foremost  interspinous  bone  is  small  and  rayless,  the  next 
two  support  quite  rudimentary  rays.  The  two  anterior  are  together  interposed 
between  two  spinous  processes  (of  the  34th  and  35th  or  35th  and  36th  vertebrae), 
but  only  the  second  almost  reaches  the  spine;  the  following  ones  are  interposed 
singly  or  in  pairs  (somewhat  irregularly);  from  the  sixth  they  reach  almost  to  the 
base  of  the  neural  arch,  from  the  twelfth  almost  to  the  corpus;  the  hindmost 
again  are  shorter. 

The  anal  fin  is  supported  by  26  interspinous  bones,  likewise  hisegmented. 
The  anterior  bones  slope  forw'ards,  the  foremost  is  about  horizontal  in  position ; 
the  fourth  reaches  the  spinous  process  of  the  35th  (or  36th)  vertebra,  lying  close 
behind  the  tip  of  its  inferior  spine 

The  fin- rays  of  the  unpaired  fins.  The  isolated  dorsal  rays  are 
spines  (PI.  II,  fig.  10,  s),  made  up  of  one  piece,  without  any  joints;  they  are  rather 
blunt,  flat  and  somewhat  weak,  basally  with  a transversely  rounded  head,  articulating 
with  a transverse  pit  in  the  interneuraH. 

The  four  anterior  rays  of  the  second  dorsal  are  also  pointed,  unjointed  like 
spines;  the  foremost  two  are  rudimentary  and  both  supported  by  the  second  inter- 
neural.  The  following  rays  are  longitudinally  cleft  and  jointed,  but  not  branched 
distally. 

Of  the  anal  fin  (29  rays)  the  4 anterior  similarly  are  short,  spine-like,  the 
rest  like  those  of  the  second  dorsal. 

The  caudal  fin  has  20  rays:  3 -|  7 -j-  7 + 3;  the  three  upper  and  lower 
rays  shoi’t,  pointed  and  without  joints,  the  rest  jointed;  No.  5 to  No.  15  are  distally 
branched. 

Closer  examination  of  the  skeleton  of  the  end  of  the  tail  shows  that  two 
separate  bones  are  interposed,  like  interneurals,  above  between  the  last  vertebra 
and  the  last  but  one,  and  in  a similar  way  also  two  bones  below;  but  of  the  two 
lower  the  hindmost  seems  to  be  fused  with  the  lower  hypural  bone  of  the  last  vertebra. 
The  rays  are  arranged  in  the  following  way:  the  foremost  short  ray  is  interposed 
between  the  spinous  processes  of  the  third  and  second  last  vertebra;  the  two  fol- 
lowing short  rays  and  the  first  upper  jointed  ray  are  supported  by  the  “interposed” 
bones;  the  upper  hypural  bone  carries  6 rays,  the  lower  5 or  6;  of  the  rest  of  the 
lower  rays,  two  jointed  and  two  unjointed  are  supported  by  the  lower  “interposed” 
bones,  the  anterior  short  ray  is  correspondingly  situated  to  the  anterior  upper  one. 
As  mentioned  above  only  the  rays  5 — 15,  i.  e.  those  supported  by  the  hypural 
bones,  are  distally  branched;  of  these  the  two  middle  ones  — one  from  each 
hypural  — are  somewhat  longer  than  the  rest,  causing  the  rhomboid  outline  of  the 
caudal  fin  (probably  homologous  to  the  caudal  filament  in  Fistularia). 
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Cranial  skeleton.  The  head  (PI.  I,  fig.  4)  is  laterally  compressed,  its 
facial  part,  in  front  of  the  orhit,  much  elongated,  tubiform,  with  terminal 
mouth. 

The  skull  (PI.  1,  figs.  1—4)  is  rounded  above,  somewhat  flattened  between  the 
orbits;  the  preorbital  part  is  about  three  times  as  long  as  the  rest,  forming  a 
slender  beak  with  sharp  edges,  concave  below,  except  at  the  anterior  end,  where 
the  vomer  projects  into  a blunt  keel. 

Viewed  from  above  (PI.  I,  fig.  2)  by  far  the  greater  part  of  the  beak  will  be 
found  made  up  by  the  mesethmoid  (mes).  At  the  front  end  of  the  latter  the  pala- 
tines (pa)  are  seen,  suturally  united  to  the  skull  and  meeting  each  other  in  the  middle 
line;  behind  these,  part  of  the  vomer  (vo)  is  seen  on  each  side  of  the  mesethrrioid. 
Behind  the  mesethmoid  are  the  frontals  (fr),  and,  wedged  in  between  the  posterior 
part  of  these,  the  supraoccipital  (so);  on  each  side  of  the  latter  the  epiotics 

(ep).  Besides  are  seen  the  pterotics  (sq),  postfrontals  (pf),  alisphenoids  (al), 

prefrontals  (prf),  and  — below  the  nasal  openings  — the  preorbitals  (ao).  Fur- 
thermore, the  exoccipitals  (eo)  and  the  basioccipital  with  the  large  condyle  are 
seen  from  above.  As  previously  stated  parietals  and  opisthotics  are  wanting. 

The  supraoccipital  takes  no  share  in  the  occipital  foramen,  the  exoccipitals 
meeting  above  the  latter.  Behind,  the  supraoccipital  is  cleft  and  deepened  into  a 
triangular  pit,  filled  out  with  the  strong  ligament  which  connects  the  skull  with 
the  first  nuchal  plate.  Each  epiotic  is  provided  with  a knob  (*),  close  to  the 
suture  with  the  supraoccipital,  for  the  attachment  of  the  above-mentioned  ossified 
tendons. 

On  each  side  of  the  beak  a narrow  furrow  runs  from  the  front  margin  of  the 

nasal  opening  to  the  end  of  the  snout;  imbedded  in  this  furrow  is  the  continua- 

tion of  the  supraorbital  canal  for  the  lateral  line.  Immediately  in  front  of  the 
nasal  opening  the  furrow  encloses  a small  osseous  tube  (PI.  I,  figs.  1,  4)  (na),  evi- 
dently a rudiment  of  the  nasal  bone;  otherwise  the  walls  of  the  whole  canal  are 
membranous  from  where  it  leaves  the  frontal  at  the  posterior  border  of  the  nasal 
opening.  The  greater  part  of  the  furrow  is  lodged  in  the  mesethmoid,  only  the 
anterior  third  part  in  the  vomer. 

On  the  lateral  aspect  of  the  brain-case  the  upper  sculptured  face  overhangs 
the  lower,  smooth  face  with  sharp  edges,  under  which  the  two  articular  facets  for 
the  hyomandibular  are  found,  the  anterior  made  up  by  the  postfrontal  and  the 
prootic,  the  posterior  by  the  pterotic.  Between  the  anterior  facet  and  the  opening 
for  the  7th  nerve  the  prootic  is  provided  with  a spine,  pointing  backwards.  As 
already  stated  the  large  pterotic  (sq)  is  interposed  between  the  prootic  and  the 
exoccipital,  reaching  downwards  to  the  parasphenoid  and  basioccipital.  In  the 
orbits  the  prootics  from  both  sides  meet  each  other  with  processes  bridging  over 
the  excavated  upper  face  of  the  parasphenoid;  thus  a kind  of  myodome  is  present. 
The  upper  lateral  part  of  the  bridge  is  formed  by  the  adjoining  alisphenoid  (al); 
the  latter  bone  is  in  a peculiar  way  (as  far  as  I know  quite  unique  among 

D.  K.  D.  VidensU.  Selsk.  Skr.,  7.  Rsekke,  naturvidensk.  og  mathem.  Afd,  5.  36 


276 


10 


teleosts)  produced  in  front  of  the  postfrontal,  forming  the  inferior  part  of  the  post- 
orbital process.  I have  not  found  any  orbitosphenoid. 

The  basioccipital  (ob)  is  laterally  compressed,  its  occipital  condyle  broad, 
transversely  ovoid,  and  convex.  The  parasphenoid  (PI.  I,  fig.  3)  (pa)  reaches  far 
behind,  where  like  the  adjoining  basioccipital  it  is  compressed;  between  the  prootics 
it  broadens  and  in  the  orbits  its  upper  margins  send  out  a process  in  front  of  the 
opening  for  the  5th  nerve  in  the  prootics.  The  anterior  part  is  situated  between  the 
prefrontals  and  its  pointed  front  end  stops  on  the  mesethmoid  without  reaching 
the  vomer,  a peculiar  feature  also  found  in  Fistularia  and  Solenostomus,  but  as  far 
as  I know  in  no  other  teleost.  The  greater  part  of  the  lower  face  of  the  beak 
belongs  to  the  vomer  (vo);  the  keelshaped  fi’ont  end  of  the  latter  carries  a longi- 
tudinal strip  of  numerous  small  teeth. 

Infraorbitals  are  wanting.  The  bone  (ao)  connecting  the  mesethmoid  with  the 
prefrontal  I think  represents  the  antorbital  (preorbital),  but  it  does  not  enclose  any 
lateral  line  canal. 

The  opercular  apparatus  (PI.  I,  fig.  4)  shows  the  usual  3 elements;  the  inter- 
operculum (io)  is  an  elongated  thin  plate  mostly  covered  by  the  preoperculum  and 
reaching  from  the  lower  front  end  of  the  suboperculum  to  the  mandibular  articu- 
lation, connected  with  a short  ligament  to  the  angular. 

The  hyomandibular  (hy)  is  obliquelj^  directed  forwards,  its  front  face  is  con- 
cave, the  inner  margin  of  the  concavity  being  somewhat  produced,  like  a wing; 
the  lower  end  is  a thin  cartilage  connected  with  the  proximal  end  of  the  sym- 
plectic  (sy).  The  latter  is  extremely  thin  and  so  firmly  joined  with  the  preoperculum 
(pro),  that  it  requires  the  utmost  care  to  make  out  the  boundaries;  viewed  from  the 
inner  face  only  the  posterior  end  and  the  distal  part  are  more  easily  seen,  the 
preoperculum  covering  the  rest  so  completely]  that  only  an  exceedingly  narrow 
brim  may  be  detected  along  the  upper  margin  of  the  preoperculum;  viewed  from 
the  outside  (PI.  I,  fig.  4)  only  the  extreme  proximal  end  is  hidden  bj^  tbe  preoper- 
culum. The  quadrate  (qu)  is  very  large,  sculptured  on  part  of  the  outer  face  with 
fine  striae  radiating  from  the  neighbourhood  of  the  articular  head  for  the  man- 
dible. The  palatine  (pa)  is  small,  its  anterior  part,  which  sends  out  a prominent 
and  relatively  well  developed  maxillary  process,  meets  its  fellow  from  the  other 
side  at  the  front  end  of  the  mesethmoid  (PI.  I,  fig.  2);  behind,  the  palatine  bifur- 
cates (PI.  I,  fig.  1);  the  upper  branch  is  wedged  in  between  the  mesethmoid  and 
the  vomer,  the  lower  branch  covers  the  pointed  and  slender  anterior  end  of  the 
entopterygoid  (PI.  I,  fig.  4)  (ept).  A separate  ectopterygoid  is  wanting.  Where  this 
bone  ought  to  be,  the  entopterygoid  broadens  into  a plate  firmly  joining  the  oblique 
anterior  margin  of  the  quadrate.  The  rest  of  the  entopterygoid  is  a thin  plate 
the  upper  margin  of  which  embraces  the  lateral  edges  of  the  cranial  beak, 
formed  by  the  vomer  and  the  mesethmoid.  Behind  the  entopterygoid  follows 
the  meta pterygoid  (mt),  the  narrow  anterior  part  of  which  in  the  same  man- 
ner embraces  the  edge  of  the  mesethmoid,  while  the  posterior  broader  part 
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has  its  somewhat  thickened  upper  margin  firmly  fastened  below  the  edge  of 
the  broadest  proximal  part  of  the  mesethmoid,  reaching  with  a slender  splint  to  the 
preorbital. 

On  the  inner  face  of  the  suspensory  apparatus  two  oblique  ovoid  patches  of 
teeth  are  present,  the  anterior  one  on  the  entopterygoid  *,  the  posterior  on  the 
metapterygoid. 

The  short  ascending  part  of  the  preoperculum  covers  not  only  most  of  the 
lateral  face  of  the  hyomandibular,  but  also  the  front  face  below  the  hyomandibular 
foramen;  the  long  horizontal  part  is  on  the  outer  face  ornamented  with  fine  striae 
and  reaches  almost  to  the  articular  head  of  the  quadrate. 

The  premaxilla  (PI.  I,  fig.  4 i),  which  bounds  the  mouth  slit,  is  slender  and 
edentulous,  provided  with  the  typical  processes,  as  also  is  the  case  with  the  rela- 
tively large,  posteriorly  broadening  maxilla  (mx). 

The  articulation  for  the  lower  jaw  is  situated  at  a distance  rather  far  behind 
the  end  of  the  snout;  the  mandible  therefore  is  fairly  long,  and  the  mouth 
opening  is  extensible  to  a considerable  degree.  The  mandible  is  high  and  laterally 
compressed,  composed  of  the  typical  three  parts;  the  angular  (an)  is  very  small  and 
therefore  easily  overlooked.  Two  patches  of  teeth  are  found  on  the  dental,  an  ante- 
rior small  one  on  the  upper  edge  close  to  the  symphysis,  and  a large  posterior 
one  covering  the  upper  part  of  the  inner  face. 

Branchial  apparatus.  The  whole  gill-bearing  part  lies  behind  the  articu- 
lation of  the  hyoid  to  the  skull.  The  hyoid  (PI.  II,  fig.  7,  8)  is  composed  of  the  typi- 
cal elements,  but  the  epihyal  (eh)  and  the  lower  hypohyal  (hy^)  are  unusually 
large  in  proportion  to  the  other  constituents.  The  stylohyal  (st)  is  laterally 
compressed  and  broadens  towards  the  upper  end,  the  inner  face  of  which  plays 
against  the  thin  cartilage  interposed  between  the  hyomandibular  and  the  sym- 
plectic. 

The  branchiostegals  are  four  in  number,  belonging  to  the  outer  face  of  the 
epihyal,  the  uppermost  is  the  stoutest  and  longest,  at  its  end  divided  into  filaments. 
The  glossohyal  is  long  and  slender,  surpassing  in  length  the  hyoid  and  the  uro- 
hyal,  which  is  laterally  compressed  and  higher  behind,  where  it  is  broken  up  into 
filaments.  The  first  copula  (PI.  II,  fig.  3 co  or  basibranchial  is  represented  by  a 
short  cartilage,  the  second  (co^i)  is  slender,  styliform  and  osssified;  no  further  co- 
pulas are  developed. 

The  gill-arches  (PI.  II,  fig.  3,  4)  are  provided  with  rows  of  thin  bony  plates, 
densely  beset  with  teeth,  in  the  place  of  gill-rakers.  Along  the  whole  anterior  bor- 
der of  the  first  arch  plates  of  this  kind  are  found,  from  the  upper  to  the  lower 
end,  the  first  gill-slit  being  very  wide;  otherwise  the  plates  are  mostly  confined  to 
the  margins  of  the  ceratobranchials  only,  those  on  the  anterior  border  always 
being  somewhat  larger.  The  first  arch  consists  of  three  parts,  having  no  pharyngo- 

* The  anterior  patch  of  teeth  has  been  seen  by  Gunther  (16  a p.  536),  but  he  ascribes  it  to  the 
“palatine  bones”. 
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branchial;  the  second  arch  has  all  four  parts  developed,  but  the  short  and  slender 
epibranchial  (e*i)  is  widely  separated  from  its  ceratobranchial  (c);  it  abuts  against 
the  hinder  end  of  the  flat  pharyngobranchial  (pld^);  the  latter  is  on  the  pharyngial 
face  beset  with  teeth,  and  reaches  to  the  epihranchial  of  the  first  arch. 

The  third  arch  also  has  four  parts;  the  hypobranchial  (hy^ii)  has  only  a short 
cartilaginous  part  lying  at  the  same  level  as  that  of  the  second  arch,  but  a long, 
osseous  process  runs  downwards,  together  with  its  fellow  from  the  other  side  em- 
bracing the  branchial  artery;  the  epibi’anchial  is  still  weaker  than  that  of  the  pre- 
ceding arch,  almost  rudimentary,  and  still  farther  away  from  the  upper  end  of  its 
ceratobranchial;  its  distal  end  articulates  with  both  the  third  and  fourth  pharyngo- 
branchial; the  flat  pharyngohranchial  III  is  produced  in  front  along  that  of  the 
second  arch;  its  under  face  carries  an  ovoid  patch  of  teeth.  The  fourth  arch 
consists  only  of  two  parts,  the  hypobranchial  and  epibranchial  being  absent; 
the  pharyngobranchial  IV  is  shorter  than  the  preceding  but  like  this  provided 
with  teeth.  The  fifth  arch,  as  usually  only  one  piece,  carries  the  lower  pharyngeal 
teeth,  and  on  the  anterior  or  outer  border  some  tooth-plates  along  the  hindmost 
gill-slit. 

At  the  upper  ends  of  all  the  ceratohyals  the  branchial  lamellfE  (PI.  II,  fig.  4)  are 
continued  a short  way  upon  the  pharyngeal  wall,  supported  by  semicartilaginous 
strips  of  tissue,  which  appear  as  prolongations  of  the  cartilage  enclosed  by  tbe 
osseous  sheaths  of  the  ceratohyals. 

Thus  the  branchial  apparatus  of  Aiilostoma  foreshadows  the  condition  found 
in  the  Lophobranchii  as  to  the  skeletal  parts,  in  the  fact,  that  the  epibranchials 
II  and  III  are  reduced  and  separated  from  the  rest  of  the  arches,  while  the  epi- 
branchial IV  is  absent,  and  tbe  basibranchials  are  reduced. 

The  shoulder-girdle  (PI.  Ill,  figs.  4,  5)  has  been  so  fully  dealt  with  by  Starks 
(55  p.  629)  that  only  some  features  have  to  be  repeated  here  and  a few  new  facts  to  be 
pointed  out.  Tbe  clavicular  arch  is  composed  of  but  two  parts,  the  posttemporal 
and  the  clavicle,  the  supraclavicle  being  absent.  The  posttemporal  is  through 
ligament  fastened  to  the  somewhat  serrated  hind  part  of  the  pterotic  (not  also  to 
the  epiotic);  its  outer  face  lies  in  the  skin  and  is  sculptured;  from  the  inner  face, 
near  the  ventral  margin,  originates  a flat  branch,  connected  through  ligament  with 
the  first  vertebra;  tbe  posterior  angle  of  the  posttemporal  further  is  bound  by 
ligament  to  a blunt  process  on  the  transverse  process  of  the  second  vertebra, 
and  at  the  same  time  with  the  upper  end  of  the  clavicle.  As  is  the  case  with  all 
the  members  of  the  group  treated  here,  the  clavicle  (cl)  has  a superficial  sculptured 
plate,  seen  in  the  skin  (PI.  Ill,  fig.  4)  and  covering  part  of  the  fin-muscles.  As  in 
Fistularia  the  clavicle  divides  distally  into  two  branches,  the  inner  of  which  is 
united  with  the  outer  face  of  the  scapular  arch  (PI.  Ill,  fig.  4 i) ; but  as  the  coracoid 
is  produced  forwards  to  unite  also  with  the  outer  (or  anterior)  branch,  the  aperture 
between  tbe  branches,  which  is  large  in  Fistularia  (PI.  Ill,  figs.  8,  9),  in  Aulostoma 
is  reduced  to  a small  foramen  (PI.  Ill,  fig.  5 f)  (not  visible  from  the  outer  aspect). 
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Inside  the  posterior  upper  angle  of  the  clavicle  is  the  postclavicle  (pci).  In  the 
scapular  arch  the  scapular  foramen  is  large;  the  coracoid  (co),  as  shortly  mentioned 
above,  is  broadly  united  to  the  clavicle,  leaving  only  the  small  opening  described; 
the  lower  edge,  which  is  ventrally  joined  to  its  fellow  from  the  opposite  side,  is 
thickened  on  the  outer  side  and  posteriorly  produced  into  a flat  bundle  of  osseous 
filaments,  used  for  muscular  attachments. 

Of  the  four  well  developed  pterygials  (ha),  the  upper  and  smaller  one  is  car- 
ried by  the  scapular. 

The  pectoral  fin  rays  (15 — 16)  are  unbranched,  but  jointed  except  the  up- 
permost (3—4). 

The  pelvic  bones  are  not  in  contact;  each  is  a triangular  flat  piece,  with 
feebly  pronounced  muscular  crest  along  its  middle.  The  outer  of  the  6 ventral 
rays  is  unbranched,  but  jointed,  the  others  branched  and  jointed.  The  position  of 
the  ventrals  is  about  on  the  level  with  the  20th  abdominal  vertebra'*. 

Visceral  anatomy. 

There  are  four  complete  gills  and  a large  pseudobranch;  a slit  between 
the  4th  gill-arch  and  the  lower  pharyngeal.  The  alimentary  canal  is  without 
mesentery,  short,  and  quite  straight;  the  anal  opening  is  situated  immediately  be- 
hind the  ventral  fins,  just  behind  the  end  of  the  ventral  rays  when  these  are 
lying  against  the  body.  The  oesophagus  passes  without  boundary  into  the  stomach; 
the  latter  is  spindle-shaped,  narrowing  behind  into  a pyloric  part,  sharply  marked 
off  from  the  intestine.  The  oesophagus  and  stomach  together  are  about  of  the  same 
length  as  the  rest  of  the  alimentary  canal.  The  small  intestine  sends  out  from  its 
anterior  end  two  well  developed  appendices  pyloricse,  one  on  each  side,  the  left 
being  somewhat  longer  than  the  right;  the  intestine  is  wider  anteriorly  and  tapers 
behind,  where  it  is  shaiply  bounded  by  a constriction  from  the  short,  wide  rectum. 
In  the  stomach  of  one  specimen  from  the  West  Indies  (a  medium-sized  female)  I 
found  a wholly  undigested  herring  53  mm  long  and  the  vertebrae  of  another,  other- 
wise completely  macerated  and  digested  small  fish;  in  another  (large,  dried)  specimen 
from  the  West  Indies  I also  found  the  vertebrae  of  a small  fish. 

The  liver  encloses  ventrally  the  oesophagus  and  part  of  the  stomach,  without 
reaching  the  pyloric  part;  to  the  right  side  it  reaches  higher  up  on  the  sides  of 
the  stomach  than  to  the  left;  it  is  not  properly  lobed,  but  about  in  the  middle  of 
the  right  margin  there  is  a deep  incision  leading  to  the  gall-bladder;  from 
the  latter  the  long  bile-duct  passes  backwards,  lying  close  to  the  portal  vein, 
and  enters  the  front  end  of  the  small  intestine  between  the  two  appendices  py- 
loi'icse. 

The  right  cardinal  vein  is  strongly  developed,  passing  along  the  right  kid- 
ney and  leaving  the  latter  at  its  anterior  end  to  unite  with  the  ductus  Cuvieri, 
the  left  cardinal  vein  is  small  and  its  anterior  part  completely  hidden  in  the  left 
kidney. 


280 


14 


The  aorta  passes  to  the  left  side  of  the  corpora  of  the  coalesced  anterior 
vertebrae  and  continues  in  this  asymmetrical  position.  A short  way  behind  the 
last  branchial  vein,  coming  from  the  3rd  and  4th  gill-arches,  it  sends  out  a pair 
of  strong  branches,  each  for  one  of  the  pectoral  fins,  and  ventrally  between  the 
origin  of  these,  it  gives  off  the  arteria  coeliaca,  which  passes  to  the  right  side  of 
the  oesophagus  between  the  stomach  and  the  liver,  following  the  portal  vein 
and  giving  off  branches  to  both  oesophagus  and  stomach  and  one  branch 
running  forwards  to  the  lower  face  of  the  air-bladder,  entering  the  “red-corpuscle”. 

The  air-bladder  is  very  thin-walled  and  reaches  from  the  oesophagus,  about 
at  the  level  of  the  front  end  of  the  liver,  or  the  scapular  foramen  of  the  shoulder 
girdle,  to  behind  the  ventral  fins.  At  the  anterior  end  it  is  provided  with  a large, 
ovoid  rete  mirabile  or  “red  gland”;  besides  the  branch  from  the  arteria  coeliaca, 
just  mentioned,  it  has  a branch  from  the  portal  vein,  closely  following  the  artery. 

The  kidneys  are  above  the  rectum  fused  to  a thick  mass,  below  which  is 
a urinary  bladder;  anteriorly  the  kidneys  separate  and  filling  out  the  impressions 
between  the  vertebral  corpora  take  on  the  shape  of  narrow  bands,  which  under  the 
front  end  of  the  coalesced  part  of  the  vertebral  column  on  each  side  form  a small, 
slightly  swollen  “head-kidney”.  The  latter  are  asymmetrical,  the  left  being  the 
larger.  Through  the  “head-kidneys”  pass  out  the  above  mentioned  arteries  for  the 
pectoral  fins.  The  head-kidneys  seem  not  to  contain  any  urinary  tubules,  but  such 
are  to  be  detected  in  the  narrow  strands  of  kidney-substance  filling  the  grooves 
on  each  side  of  the  body  of  the  last  (the  4th)  coalesced  vertebra. 

On  the  outer  side  of  each  kidney  run  the  large  vagus-nerves,  which  leave  the 
skull  through  the  anterior  exoccipital  foramen,  while  a large  nerve  for  the  pectoral  fin 
leaves  through  the  posterior  (that  nearest  to  the  condyle);  a deeper-lying  nerve  for 
the  pectorals  passes  out  through  the  nerve-openings  in  the  front  end  of  the  first  of 
the  coalesced  vertebrae;  through  the  openings  in  the  following  coalesced  vertebrae, 
besides  nerves,  pass  branches  from  the  aorta. 

Genital  organs.  The  ovaries  are  large,  paired  sacs,  posteriorly  uniting  into 
a very  short  common  oviduct,  opening  as  usual  between  the  anal  and  urinary 
orifices. 

Also  the  testes  are  paired,  provided  behind  with  a very  short  common  duct®. 

Fistularia. 

Exoskeleton. 

In  the  3 species  examined:  F.tabacaria  L.,  F.  depressa  Gthr.  and  F.  petimba 
(Lacep.)  Jordan  & Gilbert  the  equipment  with  dermal  osseous  structures  is  some- 
what different. 

I.  In  F.  petimba  the  skin  is  rough  to  the  touch  (like  sand-paper  adhering  to 
the  fingers),  the  whole  body  being  covered  with  minute  booklets.  This  1 have 
found  to  be  the  case  not  only  with  quite  small  specimens  from  130  mm.  in 
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length*  and  larger  ones  from  170  to  385  mm.,  but  in  the  largest  specimens  examined, 
surpassing  708  mm.  in  length.  In  F.  tabacaria  only  the  small  and  middle-sized  specimens 
up  to  about  400  mm.  in  length  show  minute  asperities  of  the  same  kind  as  in  the  former 
species.  The  smallest  specimen  at  my  disposal  is  figured  on  PI.  VII,  fig.  1.  It  has  a 
length  of  43  mm.;  the  caudal  filament  exceeds  the  body,  being  about  52  mm.  Most 
of  the  body  is  covered  with  proportionately  large,  hooked  spinelets,  only  a longitu- 
dinal strip  along  the  middle  of  each  side,  the  head  and  the  adjoining  part  of  the 
body,  being  naked.  The  spinelets  appearing  on  the  crests  of  the  head  and  on  the 
nape  are  denticulations  belonging  to  the  deeper  skeletal  parts  mentioned  below.  A 
much  larger  specimen  (280  mm.)  shows  still  a general  coating  with  small  asperities, 
most  densely  developed  on  the  tail;  but  in  two  specimens  of  about  400  mm.  the 
dorsal  part  of  the  body  is  to  a great  extent  naked,  whereas  the  lateral  and  ven- 
tral parts  have  their  rugosity  well  developed.  On  the  other  side  a third  specimen, 
c.  350  mm.,  at  first  sight  seems  completely  naked;  but  examined  with  a strong  lens 
the  tail  ventrally  to  the  lateral  line  shows  very  small  asperities.  In  large  specimens, 
exceeding  700  rnm.,  I have  not  been  able  to  detect  any  booklets  at  all.  Thus  F.  ta- 
bacaria in  the  fully  adult  state  seems  to  be  naked.  The  same  is  probably  the  case 
always  with  F.  depressa,  even  in  the  youngest  stages;  but  quite  small  specimens  I 
have  never  seen.  The  six  specimens  examined  by  me,  from  250  to  450  mm.  in 
length,  at  all  events  show  no  trace  whatever  of  asperities. 

The  spinelets  in  F.  tabacaria  and  F.  petimba  are  of  the  same  type;  a coni- 
cal, sharply  pointed  hook,  basally  hollow  and  expanded  into  an  extremely  thin 
cup-shaped  plate,  generally  with  irregularly  indented  margins.  In  large  specimens 
of  F.  petimba  many  of  the  asperities  appear  conical  or  blunt,  having  lost  their 
hooked  point,  which  has  either  been  absorbed  or  worn  away^. 

Tbe  dimensions  of  the  asperities  in  some  of  the  specimens  examined  are  the  fol- 
lowing : 


Fistularia  petimba 


Diam.  of  basal  plate 


Height  of  spine  Diam.  of  spine  at  base 


A. 

c.  720  mm. 

0,160  X 0,176  — 0,240  X 0,288 

0,064 

0,043 

B. 

c.  710  — 

0,160  X 0,176 

0,064  — 0,080 

0,032 

C. 

c.  340  — 

0,160  X 0,176 

0,064  — 0,096 

0,032 

Fistularia  tabacaria 

A. 

c.  400  — 

0,080  X 0,088  — 0,128  X 0,136 

0,112 

0,016  — 0,024 

B. 

c.  350  — 

0,080 

0,016  — 0,019 

C. 

c.  280  — 

0,096  X 0,112 

0,080 

0,024  — 0,032 

D. 

c.  43  — 

0,080;  — 0,208 

0,080  — 0,096 

0,008 

II.  In  Fistularia  tabacaria  longitudinal  rows  of  short  spindle-shaped  ossicles  (of 
4 — 8 mm.  length  in  adult  specimens),  imbedded  in  the  deeper  layer  of  the  cutis, 


* The  length  in  all  cases  mentioned  is  measured  from  the  tip  of  the  snout  to  the  base  of  the 
caudal  filament. 
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form  a strip  between  the  posterior  end  of  the  coracoidal  plate  and  the  ventrals, 
and  behind  these  running  backwards,  below  and  parallel  to  the  lateral  line,  to  the 
end  of  the  tail.  In  the  youngest  stage  figured  (PI.  VII,  fig.  1)  I have  not  been  able 
to  detect  these  structures,  but  in  a specimen  of  about  280  mm.  they  are  discernible, 
at  all  events  anterior  to  the  ventrals,  and  in  larger  ones  they  always  seem  to  be 
present^. 

III.  In  Fistiilaria  petimba  a single  median  row  of  narrow  longitudinally  keeled 
scales,  quite  superficially  imbedded,  is  found  along  the  back,  running  from  about 
the  level  of  the  ventrals  to  the  base  of  the  dorsal  fin,  and  behind  the  latter  to 
some  distance  from  the  end  of  the  tail,  where  the  hindmost  scales  grow  shorter 
and  finally  take  the  shape  of  nodules;  a similar  row  is  found  in  the  ventral  median 
line,  beginning  in  front  of  the  ventrals  at  some  distance  behind  the  coracoids  and,  inter- 
rupted by  the  anus  and  anal  fin,  continuing  on  the  tail,  stopping  at  some  distance  from 
the  caudal  fin.  In  all  large  and  medium-sized  specimens  I find  these  scales  present,  but 
in  the  smallest  specimens  (170  and  130  mm.)  they  seem  not  yet  to  be  developed-’. 

IV.  Common  to  alt  3 species  are  the  dermal  ossifications  of  the  lateral  line. 

On  the  short  anterior  part  of  the  trunk,  which  is  protected  by  the  endoskeletal 

parts  described  below,  these  ossicles  are  tube-shaped,  on  the  rest  of  the  body  they 
gradually  take  the  form  of  narrow  longitudinal  shields  each  provided  with  a more 
or  less  prominent  short  keel  or  spine,  most  prominent  on  the  tail  where  the  shields 
form  a kind  of  serrature.  On  the  caudal  filament,  on  which  the  lateral  line  is 
continued,  the  ossifications  again  take  the  shape  of  tubes.  In  tbe  two  species 

where  dermal  asperities  are  found,  the  latter  may  be  present  in  the  thin  dermal 

layer  covering  the  ossicles  of  the  lateral  line 

Endoskeleton, 

The  vertebral  column  does  not  show  any  important  differences  in  the 
two  species  examined  (F.  petimba  and  tabacaria).  In  both  species  I have  found 
the  same  number  of  vertebrae,  56  (4  -|-  52)  abdominal  and  31  caudal  vertebrae  “. 

The  4 anterior  vertebrae  (PI.  I,  fig.  11,  PI.  II,  fig.  9)  are  modified  in  the  same 
way  as  in  Aulostoma,  being  extreinel}"  elongated  and  immovably  united  by  sutures, 
forming  one  piece,  wbicb  (in  petimba)  is  between  and  of  the  whole  length 
of  the  column.  The  spinous  processes  are  united  into  one  longitudinal  crest,  the 
transverse  processes  into  a similar,  but  broader,  almost  horizontal  plate,  the  mem- 
bers constituting  which  overlap  each  other  towards  the  skull  while  those  of  the 
vertical  plate  are  mostly  joined  with  their  margins. 

As  in  Autostoma  the  second  and  third  vertebrae  are  by  far  the  longest,  their 
anterior  and  posterior  portion  being  about  equally  elongated,  whereas  of  the  first 
vertebra  only  the  posterior  part,  of  the  fourth  only  the  anterior  part  is  elongated 
and  modified. 

The  first  carries  articular  processes  for  connection  with  the  skull,  the  fourth 
has  on  the  posterior,  unmodified  part  a small  separate  transverse  process,  corre- 
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sponding  to  the  posterior  one  on  the  following  vertebrae.  From  the  anterior  corner 
of  the  expanded  transverse  process  of  the  second  vertebra  (at  in  PI.  I,  fig.  11)  a 
strong  ligament  passes  to  the  posttemporal.  The  following  free  abdominal  vertebrae 
— like  those  of  Aulostoma  — are  provided  with  two  transverse  processes  on  each 
side,  but  here  the  posterior  process  is  always  small  compared  with  the  anterior 
(PI.  II,  fig.  9).  The  latter  is  especially  large  and  distally  flat  and  expanded  on  the 
5—6  vertebrae  immediately  following  the  coalesced  part.  On  the  first  caudal  the 
posterior  process  suddenly  disappears. 

The  inferior  arch  and  spine  form  part  of  the  anterior  transverse  process, 
being  formed  by  a process  on  each  side  from  the  base  of  its  lower  face.  The 
anterior  9 — 10  caudal  vertebrae,  which  support  the  dorsal  and  anal  fins,  retain  the 
transverse  processes  and  are,  except  the  first,  provided  besides  with  an  upper  set 
of  similar,  but  shorter  and  more  slender,  pointed  lateral  processes,  originating  from 
the  base  of  the  neural  arches.  Behind  these  fins  no  lateral  or  transverse  pro- 
cesses occur. 

On  all  the  free  vertebrae  articular  processes  are  present,  the  anterior  ones,  as 
in  Aalostoma,  being  large  and  high;  on  the  caudals  behind  the  fins  similar  inferior 
articular  processes  are  developed.  The  vertebrae  of  the  slender  posterior  part  of 
the  tail  have  their  upper  and  lower  spinous  processes  depressed,  lying  flat  and 
overlapping  caudally;  at  the  end  of  the  tail  they  rise  again,  and  the  last  vertebra 
takes  on  the  shape  of  a vertical  plate,  probably  representing  two  hypural  bones. 

Ribs  are  wanting. 

Connected  with  the  vertebral  column  are  some  osseous  structures,  the  anterior 
of  which  — the  nuchal  plates  — are  probably  to  be  regarded  as  modified  inter- 
neural  bones,  while  the  others  seem  to  be  ossified  tendons  or  ligaments. 

The  three  nuchal  bones  are  longitudinal  plates  (firmly)  joined  together 
and  over-lapping  each  other  towards  the  tail;  they  are  through  connective  tissue 
fastened  along  the  vertical  lamella  representing  the  modified  spinous  processes  of 
the  first  four  elongated  vertebrae. 

Their  upper  face  is  sculptured  and  more  or  less  visible  through  the  skin; 
the  lower  face  is  concave  and  carries  on  the  foremost  part  of  the  first  plate  a 
short  median  keel,  fitting  into  a much  broader  triangular  excavation  of  the  neural 
spine  of  the  first  vertebra;  on  the  hind  part  of  the  second  plate  a median  furrow 
begins  and  gradually  deepens  on  the  third  into  a narrow  groove  between  two  low 
lamellae,  which  are  continued  into  long  and  thin  prolongations,  reaching  backwards 
along  the  spinous  processes  of  the  9 or  10  anterior  free  vertebrae. 

The  three  nuchal  plates  are  evidently  homologous  to  the  plates  in  the  corre- 
sponding position  in  Aulostoma;  and  as  in  the  latter  genus  they  are  doubtless  to 
be  regarded  as  modified  inteimeurals,  the  same  interpretation  of  the  nuchal  plates 
in  Fistularia  seems  justified.  Small  specific  differences  are  to  be  met  with  in  the 
nuchal  plates;  in  Fist,  petimba  they  are  broader  than  in  F.  tabacaria;  in  the  latter 
the  ventral  median  keel  of  the  first  plate  (the  rudiment  of  the  “stem”  of  an  ordinary 

D.  K.  D.  Vidensk.  Selsk.  Skr.,  7.  Rsekke,  naturvidensk.  og  matbem.  Afd.  VIII,  5.  37 
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interneural)  is  much  smaller,  and  the  sculpture  of  the  upper  face  shows  a some- 
what different  pattern. 

Behind  the  unpaired  nuchal  plates  paired,  symmetrically  arranged  structures 
appear  in  the  shape  of  a double  series  of  long,  thin,  laterally  compressed  bones 
on  each  side,  running  along  the  tips  of  the  spinous  processes  to  the  end  of  the 
tail,  only  interrupted  hy  the  dorsal  fin  (PI.  II,  fig- 9 td);  a similar,  ventral,  double 
series  occurs  along  the  inferior  spines  of  the  tail,  beginning  just  behind  the  anal 
fin.  Each  member  of  both  series  extends  over  a number  of  (4,  5 or  more)  vertebrae; 
the  uppermost  rows  are  situated  just  below  the  skin  (in  alcoholic  specimens  they 
may  be  more  or  less  visible  through  the  skin);  in  Fistularia  petimba  they  so  to 
speak  embrace  the  row  of  median  scales.  The  two  above-mentioned,  prolongations 
from  the  3rd  nuchal  evidently  belong  to  the  same  system.  That  these  bones  are 
ossified  tendons  or  ligaments  is  hardly  to  be  doubted;  they  apparentlj^  are  struc- 
tures similar  in  kind  to  the  subdermal  ossifications  which  are  so  richly  developed 
in  Aulostoma. 

Ossifications  of  a similar  nature  are  further  the  two  large,  flat  bones,  which, 
fastened  to  the  epiotics  of  the  skull,  are  situated  along  the  back,  one  on  each  side 
of  the  nuchal  plates.  The  upper  face  is  sculptured  on  the  anterior  half  and  to  a 
great  extent  visible  through  the  skin;  from  the  lower  face,  near  the  inner  margin, 
of  the  posterior  half  originates  a thin  vertical  lamella,  enlarging  the  surface  for 
muscular  attachment.  Like  the  corresponding  bones  in  Aulostoma  these  structures 
are  simply  ossifications  of  tendons  of  the  anterior  part  of  the  dorsal  lateral  muscles. 

16  bisegmented  interneurals  support  the  dorsal  fin.  The  foremost  is  short, 
about  horizontal,  and  its  lower  end  joins  directly  the  dilated  upper  end  of  the 
spinous  process  of  the  first  caudal  vertebra;  the  following  are  inteiposed  as  usual, 
singly  or  in  pairs  or  even  three,  between  the  spinous  processes  of  the  supporting 
vertebrae.  With  each  lateral  face  of  the  first  interneural  an  ossified  tendon  of  the 
set  in  front  of  the  fin  is  coalesced  or  firmly  united;  the  like  is  the  case  with  the 
hindmost  interneural,  a pair  of  tendons  from  the  set  behind  the  fin  being  joined 
with  it. 

The  anal  fin  is  supported  by  15  interneurals,  also  bisegmented  and  with 
ossified  tendons  attached  to  the  hindmost  member.  The  first  interneural  is  situated 
in  front  of  the  inferior  spine  of  the  first  caudal,  the  following  are  interposed 
between  the  spines  of  10  vertebrae. 

The  dorsal  fin  has  17 — 18  rays,  the  anterior  3,  especially  the  foremost, 
extremely  short;  the  anal  fin  has  16—17  rays,  the  anterior  2 very  short 

The  caudal  fin  has  10 — 11  + 2 + 10 — 11  rays,  the  2 middle  ones  being  ex- 
tremely elongated,  forming  the  peculiar  filament.  All  the  rays  of  the  unpaired  fins 
are  laterally  flattened,  unjointed  (but  composed  of  two  lateral  halves),  also  the  two 
composing  the  caudal  filament.  Only  the  caudal  rays  nearest  to  the  caudal  filament, 
2 or  3 above  and  below  this,  are  branched.  The  lateral  line  is  continued  along 
the  filament  almost  to  the  tip,  enclosed  in  a series  of  slender  bony  tubes;  tbe 
presence  of  the  latter  may  produce  an  appearance  of  joints 
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The  head  (PI.  I,  fig.  5)  is  flattened,  the  long  tubiform  snout  depressed  and  al- 
most hexangular  in  transverse  section.  The  postorbital  part  of  the  skull  is  flat 
above,  with  deeply  excavated  postfrontal  region  (fig.  6),  the  interorbital  part  more 
or  less  concave;  the  proximal  half  of  the  preorbital  part  is  roof-shaped,  the  distal 
half  flat,  the  whole  forming  a broad  and  rather  thin  and  flat  beak,  with  sharp 
edges  and  concave  underside  (fig.  7).  The  preorbital  part  is  about  2^2  times  as 
long  as  the  rest  in  F.  tabacaria,  fully  3 times  in  F.  petimba  ; the  greater  part  belongs 
to  the  mesethmoid  (somewhat  less  than  ^/flhs);  the  whole  terminal  part  (somewhat 
more  than  hi)  is  made  up  by  the  vomer  alone  (while  in  Aiilostoma  the  mesethmoid 
seen  from  above  reaches  along  the  middle  line  almost  to  the  end  of  the  snout). 

On  the  upper  aspect  (fig.  6)  the  proximal  part  of  the  mesethmoid  is  seen 
forming  the  anterior  borders  of  the  nasal  openings,  while  the  other  borders  belong 
to  the  prefrontals  (prf);  above  the  nasal  pits  are  found  the  frontals  (fr),  reaching 
far  backwards,  about  to  the  posterior  end  of  the  skull,  here  embracing  a great 
part  of  tbe  narrow  supraoccipital  (so);  the  rest  of  the  latter  is  enclosed  between 
the  epiotics  (ep),  which  are  coalesced  behind  the  supraoccipital  into  one  bone  and 
form  the  median  “occipital”  crest.  In  the  fossa  on  each  side  of  the  base  of  the 
latter  is  articulated  the  great  ossified  tendon  (or  muscular  lateral  plate);  the  some- 
what swollen  anterior,  inner  margins  of  the  fossse  correspond  to  the  knobs  on  the 
epiotics  mentioned  in  Aiilostoma.  The  end  of  the  “occipital”  crest  is  connected  with 
the  foremost  nuchal  shield.  From  above  are  further  seen  the  postfrontals  (pf), 
pterotics  (sq)  and  the  posttemporals  (pt).  The  latter  are  in  this  genus  firmly  united 
with  the  skull,  forming  sutures  with  the  pterotic,  the  frontal,  epiotic  and  exoc- 
cipital.  Besides  are  seen  from  above  tbe  exoccipitals  (eo),  broadly  meeting  from 
both  sides  over  the  foramen  magnum  and  separated  from  the  supraoccipital 
through  the  coalesced  epiotics;  finally,  the  knob-shaped,  convex  condyle  is  seen 
under  the  occipital  foramen. 

Parietals  and  opisthotics  are  absent. 

From  the  triangular  nasal  groove  a furrow,  corresponding  to  that  on  the  beak 
of  Aulostoma,  runs  to  the  end  of  the  snout,  lodging  the  anterior  part  of  the  supra- 
orbital lateral  line;  the  median  part  of  the  mesethmoid  and  the  vomer  enclosed 
between  the  two  furrows  is  elevated  over  the  level  of  the  lateral  parts  and  sculp- 
tured, the  pattern  being  somewhat  different  in  the  species  examined ; also  the 
lateral  parts  of  the  mesethmoid  are  sculptured  with  fine  radiating  striae.  A row  of 
slender,  extremely  thin  tubes  enclose  the  lateral  line;  no  rudiment  of  a nasal  bone, 
like  that  of  Aulostoma,  nor  any  antorbital  bone  is  found  here;  the  place  taken 
up  by  tbe  latter  in  Aulostoma  is  in  this  genus  occupied  by  the  front  end  of  the 
prefrontal.  The  outer  face  of  the  prefrontal  is  deeply  hollowed  out  (fig.  5,  prf.); 
the  upper  border  of  the  hollow  is  sharply  serrated  in  F.  petimba  (and  depressa),  only 
crenulated  in  (adult)  F.  tabacaria. 

On  the  lateral  aspect  of  the  brain-case  as  in  Aulostoma  a sharp  crest  (pajily 
serrated  in  F.  petimba  and  depressa)  separates  the  upper  from  the  lower  surface, 
the  two  articular  facets  for  the  hyomandibular  (fig.  7)  are  in  the  corresponding 
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position  to  those  of  Aiilostoma,  the  prootic  (pro)  is  provided  with  a sharply  pointed 
ridge  where  the  spine  in  Aiilostoma  is  found,  the  pterotic  (sq)  is  very  large,  com- 
hining  helow  with  the  parasphenoid  (pa)  and  the  basioccipital  (oh),  the  exoccipital 
carries  a ventrally  directed  process  just  in  front  of  the  condyle  for  connection  with 
the  first  vertebra  — in  short,  if  we  take  away  the  posttemporal,  almost  all  the 
features  and  details  resemble  those  of  Aulostoma.  Only  at  the  orbit  (PI.  I,  fig.  8) 
we  meet  with  some  differences,  especially  in  the  extent  of  the  alisphenoid  (al), 
which  here  does  not  project  laterally  so  far  that  it  becomes  visible  as  part  of  the 
postorbital  process;  on  the  other  hand  the  alisphenoid  is  horizontally  produced 
medially  to  meet  its  fellow  from  the  opposite  side,  forming  together  with  the 
prootic  the  bridge  roofing  over  the  “myodome”.  The  anterior  part  of  the  “myodome” 
(the  muscular  fossa)  is  divided  by  a vertical  lamella  (1),  rising  from  the  excavated 
upper  face  of  the  parasphenoid ; it  appears  like  a process  from  the  latter,  but 
represents  perhaps  a hasisphenoid  (?).  Below,  (PI.  I,  fig.  7)  the  basioccipital  (ob) 
and  the  posterior  part  of  the  parasphenoid  (pa)  are  flatly  rounded,  not  keelshaped 
as  in  Aiilostoma,  and  in  front  the  parasphenoid  reaches  a good  deal  farther  than 
in  the  latter,  ending  as  a slender  point,  hut  as  in  A.  without  joining  the  vomer. 
The  vomer  (vo)  has  at  the  extreme  anterior  end  a kind  of  knob  from  which  starts 
ventrally  a short  median  ridge  or  keel,  carrying  a few  teeth,  tapering  behind;  the 
hindmost  part  of  the  vomer  is  a slender  point.  The  greater  part  of  the  under  sur- 
face of  the  beak  is  here  made  up  by  the  mesethmoid  (mes). 

Infraorbitals  are  wanting. 

The  3 opercular  hones  (PI.  I,  fig.  5)  show  in  the  main  the  same  features  as  in 
Aiilostoma  the  elongated  posterior  part  of  the  suhoperculum  (s)  is  here  divided 
into  two  long  and  slender  branches,  while  in  A.  it  is  entire.  The  lamelliform 
interoperculum  (io)  surpasses  in  front  the  mandibular  articulation. 

The  hyomandihular  (hy)  is  still  more  sloping  forwards  than  in  Aulostoma-, 
with  the  lower  cartilaginous  end  it  is  connected  with  the  horizontally  placed  styli- 
form  posterior  end  of  the  symplectic  (sy).  The  greater  part  of  the  latter  forms  a 
vertical  plate,  the  upper  margin  of  which  joins  the  skull,  its  posterior  corner  being 
firmly  attached  through  ligament  to  the  lower  face  of  the  prefrontal;  in  front  the 
symplectic  joins  the  metapterygoid  (mt)  in  a long  oblique  suture,  broadly  over- 
lapping the  outer  face  of  the  melapterygoid ; below,  it  unites  with  the  preoperculum 
(pro)  in  a horizontal,  straight  suture,  and,  in  front,  in  an  oblique  suture  with  the 
quadrate  (qu). 

The  quadrate  is  very  long,  the  outer  face  with  an  elevated,  sculptured  part, 
lying  in  continuation  of  the  sculptured  part  of  the  preoperculum  (pro),  and  in 
front  carrying  the  articular  head  for  the  lower  jaw;  the  upper,  deeper  situated  part 
of  the  quadrate  is  smooth  and  joins  the  deep  parts  of  the  entopterygoid  (ept)  and 
metapterygoid  (mt). 

The  palatine  (pa)  is  small,  with  the  relatively  large  maxillary  process  directed 
forwards;  it  does  not  meet  its  fellow  from  the  opposite  side;  behind  it  is  simply 
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pointed,  not  forked  as  in  Aulostoma,  and  only  immediately  behind  the  maxillary 
process  is  found  the  connection  with  the  vomer,  below  the  somewhat  broadened 
snout-end  of  the  latter ; its  upper,  inner  margin  is  joined  to  the  pointed  front  end 
of  the  entopterygoid.  As  in  Aulostoma  an  ectopterygoid  is  wanting,  being  replaced 
by  that  part  of  the  entopterygoid  which  unites  with  the  oblique  front  margin  of 
the  quadrate.  The  upper  margin  of  the  entopterygoid  is  strongly  thickened,  its 
surface  sculptured  (fig.  5);  it  joins  the  lateral  edge  of  the  cranial  beak,  formed  by 
the  vomer  and  anterior  part  of  the  mesethmoid;  along  the  remaining  edge  of  the 
latter  it  is  continued  by  the  similarly  thickened  and  projecting  upper  margin  of 
the  metapterygoid,  which  reaches  to  the  prefrontal.  In  F.  petimha  (and  depressa) 
this  thickened  part  is  strongly  serrated,  in  F.  tabacaria  (adult)  only  crenulated. 

On  the  inner  face  of  the  pterygoids  no  teeth  are  developed,  but  each  palatine 
carries  a row  of  teeth  along  its  outer  margin. 

The  obliquely  ascending  part  of  the  preoperculum  (fig.  5,  pro)  covers  almost 
the  whole  lateral  and  the  front  face  as  well  of  the  hyomandibular;  the  hyomandi- 
hular  foramen  is  quite  near  to  the  articulation  with  the  skull.  The  outer  face  of 
the  preoperculum  is  beautifully  ornamented  with  narrow  ridges,  crenulated  or  even 
more  or  less  spiny. 

The  premaxilla  (i)  is  small,  pointed  behind,  and  provided  with  a row  of  teeth; 
the  maxilla  (mx)  is  relatively  large,  broadening  behind. 

The  articulation  for  the  lower  jaw  is  situated  rather  far  behind  the  end  of 
the  snout,  about  at  a level  with  the  upper  sului-e  between  the  vomer  and  the 
mesethmoid.  The  mandible,  therefore,  which  as  in  Aulostoma  reaches  farther  for- 
wards than  the  snout,  is  considerably  elongated;  it  is  composed  like  that  of 
Aulostoma,  with  the  small  angular  (an)  in  a similar  place  at  the  lower  border, 
rather  far  from  the  posterior  end.  The  upper  margin  of  the  dental,  in  front  of  its 
ascending  part,  its  provided  with  teeth. 

Branchial  apparatus  (PI.  II).  As  in  Aulostoma  the  hyoid  (fig.  5 — 6)  is 
relatively  short,  and  almost  the  whole  gill-bearing  part  is  situated  behind  the 
articulation  of  the  hyoid  to  the  skull.  The  hyoid  appears  at  first  sight  to  lack  one 
of  the  typical  elements,  the  stylohyal;  hut  it  cannot  be  doubted  that  this  part 
really  is  present  only  in  a reduced  state  and  fused  to  the  epihyal  (eh).  The  latter 
is  the  largest  piece,  especially  if  seen  from  the  outer  side  (fig.  5);  the  ceratohyal 
(ch)  appears  px'oportionately  somewhat  larger  and  the  lower  hypohyal  (hy^)  some- 
what smaller  than  is  the  case  in  Aulostoma.  There  are  five  branchiostegal  rays, 
the  lowermost  very  slender,  fastened  to  the  inner  face  of  the  ceratohyal,  the  others 
to  the  outer  face,  one  to  the  same  piece,  the  three  to  the  epihyal;  they  increase 
in  size  upwards,  the  uppermost  being  especially  stout  and  divided  into  two  branches. 

The  glossohyal  (fig.  1,  gl)  is  extremely  long,  slender  and  laterally  compressed; 
in  length  it  surpasses  the  whole  branchial  apparatus;  the  urohyal  also  is  long, 
angular  and  increasing  in  thickness  behind,  where  it  reaches  the  front  ends  of  the 
coracoids,  in  F.  tabacaria  coossifying  with  the  latter. 
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The  first  basibranchial,  cartilaginous  in  Aiilostoma,  is  here  a bone,  with  broad 
and  flat  front  end  (PI.  II,  fig.  1 co^);  it  is  the  only  basibranchial  present. 

The  gill  arches  are  completely  smooth,  without  any  trace  of  gill-rakers  or 
teeth.  The  first  arch  is  composed  of  3 parts,  a very  short,  clumsy  hypobranchial, 
a long  ceratobranchial  and  a slender  epibranchial ; the  second  arch  consists  of  4 
parts,  a pharyngobranchial  (phi*)  provided  with  teeth  being  present  in  front  of  the 
slender  epibranchial;  the  third  arch  has  also  4 parts;  its  very  slender  epibranchial 
is  separated  from  the  ceratobranchial  and  articulates  distally  both  with  its  own 
and  the  following  pharyngobranchial;  the  first  (phiH)  sends  a process  forwards 
along  the  whole  length  of  the  preceding  pharyngobranchial;  behind  this  process  it 
is  flat  and  beset  with  teeth.  The  fourth  arch  lacks  the  hypobranchial  and  the 
epibranchial,  its  tooth-bearing  pharyngobranchial  being  supported  by  the  preceding 
arch  alone. 

The  fifth,  the  lower  pharyngeal  is  richly  provided  with  teeth. 

As  in  Aiilostoma  the  gills  are  continued  on  the  pharynx  wall,  supported  by 
cartilaginous  prolongations  from  the  ceratohyals  (PI.  II,  fig.  2). 

The  reduction  of  branchial  skeletal  parts  in  Fisfularia  seems  about  to  be 
equal  to  that  found  in  Aiilostoma-,  only  the  epibranchials  of  the  second  and  third 
ai'ches  appear  less  reduced,  as  the  latter  alone  is  separated  from  the  ceratobranchial. 

The  following  tabular  view  of  the  branchial  apparatus  in  the  two  genera  will 
immediately  show  the  fundamental  likeness 


Aulostoma. 


Gill  arch 

Basibranch. 

Hypobr. 

Ceratobr. 

Epibr. 
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+ 
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+ 

4- 

+ 

+ 
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+ 

+ 
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+ 
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Fistiilaria. 
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II 
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+ 
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III 
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IV 
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V 
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The  shoulder  girdle  (PI.  Ill,  fig.  8,9)  has  been  fully  described  by  Starks 
(55  p.  630),  and  only  a few  remaiks  need  be  added. 
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The  clavicular  arch  consists  of  3 bones,  a supraclavicle  being  present. 

The  posttemporal  (PI.  I,  fig.  5 pt)  is  suturally  united  to  the  skull  (vide  supra); 
its  outer  margin  is  sculptured,  with  granules  {F.  tabacaria)  or  spines  (F.  petimba, 
depressa);  about  midway  between  the  occipital  suture  and  the  posterior  end  the 
inner  face  shows  a knob  (PI.  I,  fig.  7 k)  or  rugosity  for  muscular  attachment  and 
for  a strong  ligament,  going  to  the  front  part  of  the  first  vertebra,  corresponding 
to  the  bony  fork  described  in  Aulostoina;  the  ligament  passing  from  the  hind  end 
of  the  posttemporal  to  the  anterior  corner  of  the  transverse  process  of  the  second 
vertebra  is  also  found  in  Fistularia.  The  supraclavicle  is  short;  it  has  a shallow 
concavity  at  the  upper  end  for  articulation  with  the  posttemporal,  and  the  lower 
end  covers  part  of  the  outside  of  the  clavicle. 

The  part  of  the  clavicle  (fig.  9,  cl)  corresponding  to  the  sculptured  plate  in 
Aiilostoma  is  small  (just  observable  thi'ough  the  skin,  but  hidden  below  the  oper- 
cular membrane);  under  its  upper  posterior  corner  the  clavicle  carries  the  long 
postclavicle  (pci),  which  bi'oadens  behind  into  a plate,  partly  sculptured  on  its 
outer  face  and  more  or  less  visible  through  the  skin.  Distally  the  clavicle  bifur- 
cates into  an  outer  (anterior)  (o)  and  an  inner  (posterior)  (i)  branch ; along  the  in- 
side of  the  clavicle  and  that  of  its  inner  branch  is  attached  the  scapular  arch. 

The  latter  consists  as  usually  of  the  scapula  (sc)  and  the  coracoid  (co).  The 
first  encloses  the  wide  scapular  foramen;  but  the  part  encircling  the  anterior 
border  of  the  foramen  is  only  very  thin  cartilage  (easily  lost  in  drying,  probably, 
therefore,  overlooked  by  Starks).  The  inferior  margin  of  the  coracoid  expands 
into  a large  plate,  broadening  behind  the  pectoral  fin,  the  outer  face  being  to  a 
great  extent  sculptured  and  visible  through  the  skin;  anteriorly  it  combines  with 
both  branches  of  the  clavicle,  ending  in  front  of  the  outer  (anterior)  branch  of  the 
latter  as  a flat,  pointed  process,  to  which  the  urohyal  is  fastened.  The  part 
between  the  clavicular  branches  unites  with  its  fellow  from  the  opposite  side,  a 
particularly  firm  connection  being  established  at  the  level  of  the  inner  (posterior) 
branch  (fig.  8). 

The  four  pterygials  (ba)  are  well  developed,  similar  to  those  in  Aulostoma; 
the  uppermost,  rather  small  one  is  fastened  to  the  scapula,  the  remaining  three 
are  larger,  laterally  compressed  and  somewhat  hour-glass-shaped  in  outline 

The  pectoral  fin  has  15 — 16  soft  unbranched  rays,  the  uppermost  rudi- 
mentary; the  upper  (4—5)  rays  are  not  jointed,  as  the  rest  are. 

The  pelvic  bones,  abdominal  in  position,  are  still  farther  apart  from  each 
other  than  in  Aulostoma.  Each  is  a flat  bone  with  the  exterior  margin  rounded  in 
outline,  the  inferior  straight.  There  are  6 ventral  fin  rays,  the  outer  unbranched 
but  jointed  like  the  rest,  which  all  are  distally  branched. 

Visceral  anatomy. 

There  are  four  complete  gills  and  a large  pseudobranchia,  a slit  between  the 
fourth  gill-arch  and  the  lower  pharyngeals. 
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The  alimentary  canal  is  for  the  greater  part  of  its  extent  without  mesen- 
tery; only  about  the  last  4th  part  is  provided  with  a mesenter}';  the  whole  alimen- 
tary canal  is  without  curvatures^  completely  straight;  compared  with  that  of  Aulo- 
stoma  it  is  much  longer,  the  anal  opening  lying  much  farther  behind  the  ventrals, 
just  in  front  of  the  anal  fin  as  in  most  fishes.  The  oesophagus  and  stomach  form 
together  a long  spindle-shaped  part,  by  far  the  widest  portion  of  the  whole  tract; 
the  posterior  pyloric  part  of  the  stomach  is  more  muscular  and  narrow,  sharply 
marked  off  from  the  intestine.  Internally  oesophagus  and  stomach  are  provided 
with  longitudinal  folds;  the  length  of  both  together  is  two-thirds  of  that  of  the  rest 
of  the  intestinal  canal.  The  small  intestine  sends  out  from  its  front  end  one,  conical, 
not  very  long  appendix  pylorica;  the  intestine  commences  about  at  a level  behind 
the  ventral  fins,  is  widest  anteriorly  and  tapers  quite  gradually  backwards;  the 
posterior  fourth  part  is  the  rectum;  the  boundary  between  it  and  the  small  intestine 
is  not  very  pronounced  externally,  no  sudden  change  in  width  being  found.  As 
Just  mentioned  the  rectum  and  hindmost  part  of  the  adjacent  intestine  are  suspended 
by  a mesentery.  In  the  pyloric  part  of  the  stomach  of  a large  F.  petimba  from  the 
Formosa  Strait  I found  8 small  fishes,  the  longest  ca.  50  mm.,  all  belonging  to  the 
same  species  of  the  genus  Bregmaceros,  and  more  or  less  digested;  of  those  most 
digested  the  otoliths  were  completely  intact.* 

The  liver  is  small  reaching  only  over  half  the  length  of  the  stomach,  not 
lohed,  pointed  posteriorly,  covering  somewhat  more  of  the  ventral  right  side  of  the 
stomach  than  of  the  left.  Quite  near  the  posterior  end  the  right  margin  has  an 
incision  for  the  gall-bladder,  from  which  the  biliary  duct  runs  backwards  following 
the  intestinal  artery  and  the  portal  vein,  enclosed  together  with  these  in  a peri- 
toneal fold,  like  a kind  of  low  mesentery  along  the  stomach;  it  entei’s  the  intestine 
on  its  ventral  side,  immediatelj'  behind  the  base  of  the  appendix  pylorica. 

The  air-bladder  is  about  twice  the  length  of  the  liver,  reaching  from  below 
the  first  of  the  coalesced  vertehraj  to  the  end  of  the  last;  here  the  main  cavity  of 
the  bladder  stops,  but  its  posterior  end  sends  out  a pair  of  long,  conical  blind-sacs 
tapering  to  a point  backwards  and  lying  one  on  each  outer  side  of  the  kidneys 
below  the  long  and  expanded  transverse  processes  of  the  anterior  free  vertebrae; 
they  are  somewhat  asymmetrical,  the  right  reaching  just  behind  the  ventral  fins, 
the  left  stopping  just  in  front  of  them.  About  in  the  middle,  a little  behind  it,  the 
ventral  wall  of  the  main  chamber  contains  a large,  ovoid  “red  body”;  at  this  spot 
the  under-face  of  the  air-bladder  is  tightly  fastened  to  the  stomach  through  a short 
“stalk”,  containing  the  pidncipal  vessels  for  the  “refe  mirabile”,  branches  from  the 
arteria  coeliaca  and  the  portal  vein.  The  heart,  the  air-bladder,  except  its  two 
prolongations,  the  whole  liver  and  the  greater  part  of  the  stomach,  except  its 
pyloric  part,  are  enclosed  in  the  “armoured”  part  of  the  trunk,  protected  on  the 
sides  and  below  by  the  large  postclavicula  and  the  coracoidal  plates.  The  heart 
is  situated  between  the  distal  branches  of  both  clavicles  and  over  the  front  ends  of 
both  coracoidal  plates,  the  bulbus  arteriosus  lying  over  the  hind  end  of  the  urohyal. 

■ Also  Knek  (28  b)  p.  29  (2()0j  has  found  a small  fish  in  the  stomach  of  a Fistularia. 


25 


291 


The  aorta  crosses  obliquely  over  the  ventral  face  of  the  front  end  of  the  first 
vertebra,  in  the  furrow  seen  on  the  first  corpus  (PI.  I,  fig.  11**),  to  the  left  side 
where  it  is  lying  along  the  coalesced  corpora,  keeping  up  this  asymmetrical  posi- 
tion to  the  end  of  the  body  cavity,  where  it  enters  the  subvertebral  caudal  canal. 

The  arteria  coeliaca  originates  from  the  aorta  a short  way  behind  the  entrance 
of  the  last  branchial  vein  (or  arteria  revehens)  ventral ly  where  the  arteries  to  the 
pectoral  fins  leave  laterally;  it  passes  to  the  right  side  of  the  oesophagus  below 
the  front  end  of  the  air-bladder  and  further  along  the  right  side  of  the  stomach, 
giving  off  branches  to  the  latter,  the  airbladder  and  the  liver;  at  the  gall- 
bladder it  gives  branches  to  the  “red  body”  and  follows  the  same  course  as  the 
portal  vein  and  biliary  duct  on  to  the  front  end  of  the  pyloric  appendage,  where  it 
still  follows  along  the  appendix  with  the  biliary  duct  to  the  end  of  the  latter 
and  then  separates  from  the  portal  vein,  each  of  these  vessels  occupying  in  their 
further  course  backwards  opposite  faces  of  the  intestine;  in  the  mesentery  of  the 
hind  part  of  the  latter  the  arteria  coeliaca  leaves  the  intestinal  wall  and  passing 
obliquely  through  the  mesentery  enters  the  dorsal  body  wall  between  tbe  two 
gonads  and  anastomoses  with  the  aorta. 

The  right  cardinal  vein  is  very  large;  imbedded  in  the  right  part  of  the 
kidney  it  enters  from  behind  the  coalesced  part  of  the  vertebral  column,  lying  to 
the  right  side  of  the  corpora,  and  receiving  branchlets  across  the  corpora  from  the 
opposite  side,  one  for  each  vertebra.  The  left  cardinal  vein  is  wanting  altogether. 
Along  the  left  side  of  the  coalesced  vertebrae,  imbedded  with  the  aorta  in  a silvery 
sheath,  a small  vein  runs  forwards,  anteriorly  crossing  over  the  right  cardinal  vein 
and  going  to  the  head.  Small  veinlets  passing  through  the  nerve-holes  of  the 
coalesced  vertebrae  join  the  right  cardinal  vein  and  the  small  “vertebral  vein”  on 
the  left  side.  No  bi'anches  from  the  aorta  seem  to  enter  the  nerve-holes. 

The  kidneys  are  coalesced  into  one  body  reaching  from  the  hind  end  of  the 
body  cavity  to  the  last  of  the  coalesced  vertebrae.  This  body  contains  two  symmetri- 
cally arranged  urinary  ducts,  thus  proving  the  originally  paired  condition  of  the 
kidneys.  The  ducts  unite  to  a common,  very  short  part  opening  as  usual  behind 
the  (female)  genital  pore;  there  is  no  urinary  bladder. 

Dorsally  over  tbe  front  end  of  tbe  air-bladder,  just  below  the  anterior  end 
of  the  first  vertebra,  a small  pyriform  body  is  found  on  the  left  side,  but  nothing 
corresponding  to  it  on  the  right  side.  I suppose  it  to  be  the  remnant  of  the  left 
pronephros,  and  a silvery  thread,  going  backwai'ds  from  it,  I assume  to  be  the 
rudiment  of  the  pronephric  duct  (the  condition  of  the  old  spirit  material  was  such 
that  a histological  examination  would  scarcely  give  any  reliable  information). 

Along  the  outer  side  of  the  aorta,  dorsally  to  the  air-bladder,  runs  the  left 
vagus-nerve  accompanied  by  the  left  sympathetic;  the  right  vagus  and  the  right 
S3'mpathetic  follow  in  a similar  manner  the  right  oena  cardinalis;  from  the  vagus 
and  spinal  nerves  and  probably  also  from  the  sympathetic  branches  are  given  off 
to  the  wall  of  the  air-bladder. 

;i8 
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Through  Ihe  nerve-holes  in  the  coalesced  vertehrae  only  spinal  nerves  pass  out. 

A transverse  commissure  connects  the  two  sympathetic  trunks  just  in  front  of 
the  rudimentary  pronephros. 

Genital  organs.  The  ovaries  appear  to  be  unpaired,  suspended  bj'  a 
mesoarium  to  the  left  side  of  the  dorsal  body  wall.  They  are  bandshaped  and 
reach  from  the  posterior  end  of  the  body  cavity  to  a short  distance  behind  the 
beginning  of  the  intestine.  Closer  examination  shows  that  two  ovaries  are  present; 
posteriorly  they  unite  into  a short  common  oviduct  with  the  usual  opening  behind 
the  anus;  above  the  rectum  their  double  nature  may  be  noticed,  and  as  stated 
above  the  intestinal  artery  passes  betw'een  them ; but  soon  they  externally  appear 
quite  coalesced ; transverse  sections  reveal  their  double  nature,  the  inner  cavity 
being  divided  by  a thin  vertical  partition.  The  numerous  ovigerous  lamellae  in 
each  half  leave  part  of  the  wall  of  the  ovarial  chambers  free;  in  the  middle  of 
the  fused  ovarial  band  this  free  part  is  lateral,  but  behind  and  in  front  of  the 
middle  it  may  be  more  ventral.  The  testes  externally  resemble  the  ovaries, 
suspended  by  a mesorchium  in  the  same  position,  band-shaped  and  of  the  like 
dimensions;  transverse  sections  show  that  the  band  is  made  up  of  two  closely 
joined  gonads. 

The  peritoneum  is  silvery. 

The  axillary  pore,  behind  the  pectoral  fin,  mentioned  by  Gunther  appears  to 
be  the  opening  of  the  duct  of  a secreting  gland.  The  latter  is  richly  provided 
with  blood  vessels*''. 


Syngnathidas. 

In  the  second  Volume  (Part  2)  of  his  great  work  on  Fossil  Fishes,  published 
between  1833  and  1843  (p.  275),  L.  Agassiz  states  that  he  has  not  been  able  to  give 
any  special  information  about  the  skeleton  of  this  interesting  group  for  want  of 
preparations  fit  for  examination;  neither  could  he  fill  up  this  blank  through  the 
literature:  “car  je  ne  trouve  nulle  part  une  description  detaillee  du  squelette  et  des 
ecailles  des  Lophobranches”. 

Regarding  the  skeleton  very  nearly  the  same  might  be  said  to  day:  a com- 
plete description,  accompanied  by  the  necessary  illustrations  is  up  to  the  present 
date  not  to  be  found  anywhere;  although  Dumeril  in  1870  gave  a monograph  or  at 
all  events  a detailed  account  of  this  group  based  on  the  material  of  the  Musee 
d’Histoire  naturelle  at  Paris  and  of  the  whole  literature  then  available*.  The  fullest 
and  most  correct  information  is  that  to  be  found  in  the  Scandinavian  literature. 
As  early  as  1850  Kroyer  in  his  “Fishes  of  Denmark”  has  given  several  good  and 

’ Second  (52)  p.  619  says  1873:  “Auguste  Dumeril  a rassemble  dans  sa  quatrieme  sous-classe  tous 
les  documents  que  nous  possedons  sur  les  lophobranches.  J’esperais  trouver  dans  ce  travail  consciencieux, 
des  observations  nouvelles  sur  les  parties  centrales  des  pegases  et  des  syngnathes,  mais  ces  nouveaux 
documents  manquent  encoi-e  a I’icbthyologie  ....  A.  Dumeril  se  contente  de  dire  que  le  squelette  des 
loiiliobranches  ne  diflcre  en  rien  d’essentiel  de  cehii  des  poissons  osseux.” 


27 


293 


correct  descriptions;  later  Lilljebokg  (1891)  and  Smitt  (1895)  have  supplied  more 
or  less  complete  accounts  of  the  skeleton;  regarding  the  composition  of  the  skull, 
these  authors  especially  Smitt  have  interpreted  several  features  more  correctly  than 
any  previous  or  later  author;  hut  they  have  not  avoided  some  grave  errors. 

I may  add  that  these  Scandinavian  authors  also  give  much  good  information 
about  the  anatomy  of  the  soft  parts,  and  it  ought  to  be  mentioned  that  in  1833 
Retzius  already  described  the  main  anatomical  features  of  the  most  common 
species  of  northern  pipe-fishes  so  completely,  that  in  several  points  the  investigations 
published  as  late  as  1902  by  Huot  do  not  contain  much  that  is  really  new.  The 
few  remarks  about  the  osteology  in  Huot’s  paper  contain  several  errors;  and  the 
same  may  be  said  of  the  papers  published  by  Me.  Murrich,  Schaff,  Cope,  Jordan 
& Evermann,  Swinnerton  etc. 

As  to  the  systematic  position  of  the  Lophobranchs  1 shall  here  only  mention 
that  Cuvier  in  1817  (Regne  animal  1.  Edit.  II.  p.  155)  gave  them  rank  as  one  of  his 
8 Orders  or  main  divisions  of  the  Class  Pisces;  he  did  so  essentially  on  account 
of  their  gills.  This  elevated  rank  and  isolated  position  has  often  been  attacked ; 
every  one  who  has  really  examined  their  gills,  has  seen  that  these  do  not  sub- 
stantially differ  from  those  of  other  Teleosteans;  Cuvier  himself  has  realized  this 
fact,  and  so  did  Rathke,  Retzius,  Ryder  and  several  others.  Nevertheless  their 
isolated  position  is  still  maintained  by  many  authors.  Without  entering  further 
into  any  discussion  of  the  systematic  point  I might  only  mention  that  in  1908 
(23  b)  I have  expressed  as  my  view,  that  the  true  Lophobranchii  (or  Syngnathidae), 
the  Solenostomidae,  the  Fistularidse,  Aulostomidae  and  the  Centriscidae  form  one 
natural  group;  and  I have  briefly  pointed  out  some  characters  in  the  cranial  struc- 
ture which  seem  to  me  to  raise  this  view  above  doubt. 

The  true  Pipefishes,  the  Syngnathidee,  are  a fairly  homogenous  family,  natur- 
ally divided  into  two  groups,  one  for  which  the  well-known  genera  Siphonostoma 
and  Syngnathus,  the  common  pipefishes  of  European  and  N.  American  coasts,  may 
serve  as  types,  and  one  containing  forms  such  as  Hippocampus,  the  Sea-horse. 

Proceeding  to  the  osteology  of  this  family,  1 think  it  most  convenient  to  de- 
scribe in  some  detail  one  type,  and  afterwards  to  point  out  some  of  the  more 
essential  features  in  which  other  forms  deviate  from  this  type.  As  type  we  may 
consider  Siphonostoma  typhle,  a species  which  is  to  be  found  everywhere  in  the 
zostera-region  of  the  Danish  coasts,  or  at  similar  localities  of  the  Baltic  and  the 
North  Sea. 

Siphonostoma  typhle  (L.). 

Exoskeleton. 

The  dermal  armour  of  Siphonostoma  and  other  Syngnathids  has  often  been 
described  and  its  main  features,  I think,  are  so  well  known  that  a recapitulation 
here  seems  superfluous.  Only  regarding  the  nuchal  plates  and  the  composition  of 
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the  foremost  “rings”  of  the  trunk  have  I found  it  necessary  to  enter  into  details 
below  in  treating  of  the  endoskeletal  parts  closely  connected  with  them. 

The  arrangement  of  the  dermal  plates  has  been  described  by  Kroyer  (29  p. 
6831,  Peters  (41  p.  104),  Dumerii.  (12  a p.  143,  12  b p.  478),  E.  Moreau  (36  p.  28), 
ScHAFF  (50),  Lilljebokg  (37  p.  437),  Smitt  (54  p.  675),  Huot  (19  p.  202),*  Duncker  (13 
p.  18,  p.  62),  a.  o.;  the  shape  and  structure  of  the  single  plates,  their  relation  to  the 
layers  of  the  skin  etc.  are  especially  mentioned  by  Schaff,  an  account  of  their 
first  development  is  given  by  Kasanzeff  (24  p.  854). 

The  presence  of  “lateral-line  organs”  was  first  shown  by  Duncker  (13  p.  22, 
PI.  3);  but  as  these  organs  — the  existence  of  which  I can  confirm  — are  not  en- 
closed in  any  canal,  and  some  of  them  may  appear  on  places,  where  the  typical 
lateral  line  does  not  occur  (e.  g.  on  the  operculum),  it  seems  open  to  doubt  if  they 
really  represent  the  true  lateral  line  or  some  of  the  other  dermal  sensory  organs 
found  in  teleosts. 

Endoskeleton. 

The  vertebral  column  consists  of  56  vertebrae;  the  anterior  19  I count  as 
abdominal,  as  the  front  outline  of  the  caudal  armour,  behind  the  anal  opening,  lies 
just  beneath  the  middle  of  the  20th  vertebra;  this  vertebra  besides  supports  the  anal 
fin  and  sometimes  its  transverse  processes  are  joined  to  form  the  foremost  inferior 
arch;  but  sometimes  this  is  the  case  with  the  next  vertebra.  The  three  anterior 
abdominal  vertebraj  are  i m m o v a b 1 y j oi n ed  together  (PI.  IV,  fig.  4),  their  neural 
arches  being  firmly  connected  basally  through  sutures,  with  long  dentations,  while 
their  corpora  simply  meet  in  the  same  way  as  those  of  all  the  remaining  vertebrae. 
When  macerated  (even  in  hydrate  of  potassium)  the  three  anterior  vertebrae,  there- 
fore, always  cohere,  whereas  the  others  drop  off.  The  immobility  is  strengthened 
by  the  expanded  clavicle,  which  is  firmly  united  with  the  transverse  processes  of 
the  two  foremost  vertebra'. 

The  first  vertebra  (PI.  IV,  fig.  3,  4)  is  shorter  than  any  of  the  following;  in 
front  it  carries  a pair  of  strong  processes  (a),  articulated  with  the  skull  and  behind 
continuing  as  wing-shaped  transverse  processes;  the  outer  margin  of  the  latter  is 
embraced  by  folds  of  the  anterior  part  of  the  clavicle.  The  spinous  process  is  a 
low,  elongated  crest.  The  base  of  the  neural  arch  has  behind  a deep  triangular 
incision  on  each  side,  into  which  fits  a long  process  from  the  next  arch,  corre- 
sponding to  the  process  of  the  first  vertebra;  in  this  way  the  stiff  connection  men- 
tioned above  is  brought  about.  The  second  vertebra  carries  on  its  middle  a stout 
transverse  process,  somewhat  bifid  at  the  outer  end,  which  is  firmly  bound  by 
ligament  to  the  clavicle.  The  neural  arch  and  its  spine  are  similar  to  those  of  the 
first  vertebra. 

The  transverse  process  of  the  third  vertebra  is  longer  and  more  slender,  the 

* The  small  “intermedial"  scutes  which  occur  in  most  genera  of  Syngnathids,  e.  g.  Siphonostoma, 
Syngnathus,  Nerophis,  have  been  overlooked  as  such  by  Huot  and  mistaken  for  lateral-line  organs. 
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neural  arch  only  in  front  adapted  for  sutural  connection  with  the  preceding  vertebra ; 
the  connection  with  the  following  being  the  same  as  that  between  the  remaining 
abdominal  vertebrse.  These  are  in  the  main  of  one  type,  except  the  hindmost. 
They  are  long  and  slender,  with  tong,  flat  and  narrow,  generally  pointed  trans- 
verse processes;  the  base  of  this  process  broadens  gradually  along  the  anterior  half 
of  the  vertebra,  more  and  more  as  we  pass  backwards,  on  the  hindmost  vertebrse 
almost  reaching  the  front  margin. 

The  spinous  process  is  a low  thin  crest,  in  the  middle  over  the  level  of  the 
transverse  process  rising  a little  to  form  a vertical  point.  Articular  processes  are 
wanting,  at  most  indicated  as  feeble  undulations  on  the  margins  of  the  neural 
arches. 

The  hindmost  abdominal  vertebra  (the  19th,  PI.  IV,  fig.  6,  7)  supports  the  front 
part  of  the  dorsal  fin,  but  in  different  individuals  a greater  or  lesser  part;  in  struc- 
ture, therefore,  it  corresponds  to  the  8 following  caudal  vertebrse,  supporting  the 
remaining  greater  part  of  the  dorsal  fin,  but  with  the  exception  that  it  has  no 
inferior  arch.  The  triangular  transverse  process  reaches  basally  along  the  whole 
anterior  half  of  the  vertebra,  and  backwards  it  extends  along  the  lower  margin  of 
the  corpus  in  the  shape  of  a wing,  rounded  in  outline  (v).  The  spinous  process 
as  in  the  preceding  vertebrse  forms  a thin  longitudinal  crest,  but  the  upper  margin 
of  the  latter  carries  some  deep  and  narrow  incisions  (in  the  case  figured  two), 
strengthened  along  their  margins  with  thickened  ribs.  Into  each  incision  fits  an 
interspinous  bone.  In  some  cases  only  the  foremost  interspinous  bone  is  fastened 
to  the  posterior  margin  of  the  spinous  process  and  for  the  rest  to  the  following, 
the  first  caudal.  The  8 (or  9)  anterior  caudals  (PI.  IV,  fig.  8,  9)  show  the  same 
type  as  the  last  abdominal;  only  they  are  shorter,  and  the  anterior  extension  of 
the  transverse  process  is  on  the  same  level  as  the  posterior  wing;  besides  they 
possess  inferior  arches.  The  latter  originates  from  the  underside  of  the  transverse 
process  proper  (fig.  9),  near  its  hind  margin;  on  the  first  caudal  vertebra  the  distal 
ends  of  the  arch  may  be  separate  and  in  position  oblique  towards  the  tail,  while 
all  the  following  form  a short,  vertical,  inferior  spine.  Very  often  the  first  caudal 
vertebra  has  no  inferior  arch  or  only  an  indication  of  its  basal  part.  The  upper 
spinous  processes  each  support  4 or  3 interspinous  bones,  the  8th,  and  sometimes 
also  the  second,  5.  On  the  8th  caudal  the  posterior  transverse  wing  is  narrow  and 
on  the  following  it  is  wanting;  evidently  this  structure  is  developed  together  with 
the  muscles  for  the  dorsal  fin.  As  is  well  known  the  principal  motor  apparatus 
in  the  Syngnathids  is  the  dorsal  fin;  to  produce  the  powerful  undulations  of  the 
latter  the  muscles  to  the  fin  rays  are  greatly  developed,  forming  a voluminous 
layer  inside  the  body  muscles,  separated  from  the  latter  by  a pigmented  membrane 
of  connective  tissue;  the  fin-muscles  belonging  to  the  outer  part  of  this  layer  are 
basally  attached  to  the  transverse  processes  and  their  wing-like  expansions.  The 
remaining  caudal  vertebrae  behind  the  dorsal  fin  are  of  one  type,  long  and  slender, 
with  low  dorsal  crest,  in  the  middle  provided  with  a small  vertical  spine;  the  trans- 
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verse  processes  originate  from  the  middle  of  the  vertebra  as  short,  flat  triangles, 
pointing  somewhat  forwards;  the  posterior  margin  is  thickened,  the  anterior  quite 
thin.  The  inferior  arch  is  situated  under  the  middle,  is  shoi't  and  so  slender  that 
the  large  vessels  are  to  a great  extent  unprotected  by  skeleton.  The  vertebrae  de- 
crease in  size  evenly  backwards;  the  last  vertebra  (PI.  IV,  fig.  10)  has  no  inferior 
arch,  and  immediately  behind  the  transverse  process  it  divides  into  two  hypui'al 
bones,  the  upper  of  which  is  fused  to  the  urostyle. 

Of  all  the  vertebrae,  except  the  3 anterior,  the  neural  arches  are  basally  pierced 
by  more  or  fewer  rounded  openings. 

Ribs  are  completely  wanting.  The  distal  ends  of  the  transverse  processes 
are  by  connective  tissue  fastened  to  the  lateral  plates  of  the  dermal  armour. 

Interspinous  bones.  As  modified  interneurals  may  possibly  be  regarded 
the  nuchal  plates.  The  anterior  smaller  one  covers  the  interspace  between  the 
occipital  crest  of  the  skull  and  the  first  spinous  process;  the  posterior,  larger  and 
more  elongated  shield  is  situated  over  the  spinous  processes  of  the  first  and  second 
vertebrae  (PI.  IV,  fig.  5).  The  anterior  nuchal  plate  is  provided  with  a median 
ventral  keel,  which  — at  all  events  in  some  individuals  — may  project  rather  far 
down  in  front  of  the  spinous  process  of  the  first  vertebra;  the  posterior  also  car- 
ries a median,  but  longitudinally  cleft  keel,  embracing  the  lengthened  spinous  pro- 
cesses of  the  two  anterior  vertebrae.  Thus  these  plates  to  a certain  degree  recall  the 
structures  found  in  Aiilostoma  where  the  interspinous  origin  of  the  nuchal  plates 
is  hardly  to  be  doubted,  a transition  being  found  there  through  an  uninterrupted 
series  of  structures  gradually  taking  on  the  shape  of  ordinary  interneurals.  In 
Fistiilaria  this  transition  is  lost,  but  still  some  traces  of  their  origin  seem  preserved, 
and  besides  the  close  relationship  between  the  genera  Fistularia  and  Aulostoma 
speak  in  favour  of  the  interpretation  accepted  here.  Now,  in  Siphonosioma  typhle 
the  presence  of  the  ventral  keel  may  indicate  the  last  trace  of  the  interspinous 
nature,  but  it  may  be  of  quite  independent  origin,  and  it  is  to  be  remembered  that 
in  some  Syngnathids,  e.  g.  Hippocampus,  the  anterior  nuchal  plate  has  no  keel 
whatever,  and  that  the  relationship  with  the  Aulostomidae  is  not  very  close. 
Furthermore  the  development  of  the  embryo  does  not  prove  anything  with  regard 
to  the  nature  of  these  shields.  I have  not  been  able  to  find  them  in  a cartilagi- 
nous condition;  they  appear  to  originate  as  bone  in  connection  with  the  spinous 
processes,  from  which  they  seem  to  be  detached;  but,  on  the  other  hand,  they  ap- 
pear very  early,  before  the  median  dermal  plates  are  ossified. 

The  interspinous  bones  of  the  dorsal  fin  are  bisegmented  (PI. IV, fig.  1,8). 
The  proximal  (basal)  segment  is  thin,  the  longitudinal  muscular  crest  is  wanting 
or  slightly  indicated,  the  cartilaginous  axis  richly  developed.  Close  to  the  upper 
(cartilaginous)  end  it  sends  out  a fiat  wing-like  expansion  to  each  side,  or  two, 
separated  by  an  incision,  sometimes  almost  closed  to  a foramen.  Upon  these  ex- 
pansions rest  the  medial  margins  of  the  upper  lateral  plates  of  the  dermal  armour, 
firmly  attached  by  connective  tissue  (PI.  IV,  fig.  12).  Through  the  narrow  apertures 
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left  by  the  interspinous  expansions  and  the  dermal  skeleton  pass  out  the  tendons 
of  the  fin-muscles  to  the  rays.  The  distal  segment  is  a small  roundish  cartilage, 
embraced  by  the  cleft  base  of  the  fin-ray;  it  articulates  with  two  neighbouring  in- 
terneurals,  and  the  whole  series  of  these  small  cartilages  is  bound  together  by  a 
ligament.  The  groups  of  interspinous  bones  attached  to  each  vertebra  are  more 
or  less  fan-shaped;  the  median  or  the  two  median  bones  are  generally  straight, 
the  anterior  and  posterior  somewhat  curved  at  their  upper  ends.  The  whole  series 
produces  a curious  aspect,  quite  unique  among  teleosts. 

It  appears  that  in  the  larva  the  arrangement  of  these  parts  is  more  like  that 
usually  found  in  fishes,  and  is  altered  during  growth.  In  larvae  from  the  brood- 
pouch  the  spinous  processes  of  these  vertebrae  are  only  represented  by  the  median 
rib  just  over  the  transverse  process,  and  the  cartilaginous  interneurals  are  almost 
parallel  between  two  simple  spines. 

The  interneurals  of  the  anal  fin  are  proximally  fused  into  one  piece 
(PI.  IV,  fig.  11);  distally  there  are  two  branches  each  provided  with  similar  expan- 
sions as  the  dorsal  interneurals;  the  expansions  are  joined  to  the  two  anterior 
plates  of  the  inferior  lateral  row;  these  plates  lie  in  continuation  of  the  middle- 
lateral  plates  of  the  trunk.  As  in  the  dorsal  fin  the  tendons  for  the  anal  fin 
muscles  pass  through  the  narrow  openings  left  by  the  internerneurals  and  dermal 
armour.  The  two  confluent  interneurals  are  connected  through  muscles  with  the 
lower  face  of  the  transverse  processes  from  the  foremost  caudal  vertebra;  in  spe- 
cimens in  which  this  vertebra  has  an  inferior  arch  developed,  the  anal  interneural 
is  situated  in  front  of  the  latter.  The  muscles  constitute  a narrow,  fairly  long  and 
powerful  bundle,  which  is  easily  separated  into  three,  one  for  each  fin-ray;  to  the 
inner  side  of  this  bundle  are  found  the  short  and  weak  muscles  originating  from 
the  interneurals.  Outside  the  distal  ends  of  the  anal  interneurals  three  small  car- 
tilages are  found  each  embraced  by  its  fin-ray;  thus  these  interspinous  bones  are  also 
bisegmented. 

The  fin-rays  of  the  dorsal  and  anal  fins  are  unjointed,  and  unbranched, 
like  those  of  the  pectoral  fins;  the  rays  of  the  caudal  fin  are  all  jointed,  but 
unbranched;  there  are  no  short  rays  at  the  upper  and  lower  margins  of  the  cau- 
dal fin. 

The  number  of  rays  is:  D:  34 — 37;  A:  3;  C:  10. 

Cranial  skeleton.  As  in  the  other  members  of  the  group  under  examina- 
tion the  anterior  part  of  the  skull  is  highly  elongated,  Pl.V,  figs.  1—4.  The  nuchal 
face  as  in  Aiilostoma  and  Fistularia  slopes  backwards  so  that  the  bones  circum- 
scribing the  occipital  foramen  are  visible  from  above.  On  the  upper  aspect  (fig.  1) 
are  seen:  the  supraoccipital  (so),  epiotics  (ep),  posttemporals  (pt),  pterotics  (s(j), 
frontals  (fr),  postfrontals  (pf),  prefrontals  (prf),  mesethmoid  (mes)  and  vomer  (vo). 
Along  the  middle  of  the  last  two  bones  a narrow,  sharp  crest  is  present.  In  front 
of  the  slightly  expanded  snout-end  of  the  vomer  is  found  a small  cartilage,  con- 
nected with  the  premaxilla  and  maxilla.  The  cartilage  is  a remnant  of  the  contin- 
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nous  ethmoidal  cartilage  found  in  the  embryo  and  larva;  during  growth  and  ossi- 
fication the  cartilage  is  replaced  by  bones,  only  this  small  anterior  median  part 
and  two  basal  lateral  parts,  each  enclosed  in  the  prefrontal  (ectethmoid),  being 
preserved. 

The  supraoccipital  is  in  front  wedged  in  between  the  frontals,  behind  it  sends 
out  a short,  downwards  directed  nuchal  process,  connected  through  ligament  with 
the  anterior  nuchal  plate.  The  posterior  margin  of  the  epiotic  projects  like  a crest, 
below  which  the  strong  tendon  for  part  of  the  anterior  lateral  muscles  is  attached. 
Parietals  and  opisthotics  are  wanting. 

The  mesethmoid  takes  up  more  than  half  the  length  of  the  snout.  The 
posttemporal  (pt)  is  connected  with  the  epiotic,  pterotic  and  exoccipital;  its 
pointed  posterior  end  is  bound  to  the  front  end  of  the  clavicle  by  connective 
tissue. 

On  the  lateral  aspect  the  same  bones  are  seen  (PI.  V,  fig.  4).  On  the  posterior 
aspect  (fig.  3)  the  exoccipitals  meet  each  other  above  the  foramen  magnum  as  in 
Aulosioma  and  Fistularia  and  laterally  each  exoccipital  projects  into  a process  be- 
low the  foramen,  carrying  an  articular  face  for  the  process  on  the  first  vertebra. 
The  condylar  face  is  conically  hollowed  as  usually;  the  margins  of  the  hollow  are 
stouter  than  the  corresponding  margins  of  the  vertebrae. 

On  the  lower  aspect  of  the  skull  (PI.  V,  fig.  2)  the  very  large  pterotics  (sq)  are 
particularly  conspicuous,  ventrally  reaching  the  basioccipital  (oh)  and  preventing 
the  exoccipitals  from  meeting  the  prootics  (pro).  Between  part  of  the  latter  and 
the  basioccipital  (oh)  a cartilage  is  seen.  The  foramina  for  the  nerves  in  the  pro- 
otics are  situated  quite  as  in  Aulostoma  and  Fistularia,  those  of  the  5th  nerve  in 
the  front  face,  towards  the  orbit,  those  of  the  seventh  laterally  (as  typical  in  true 
Acanthopterygians);  and  the  anterior  articular  surface  for  the  hyomandibular  also 
here  belongs  partly  to  the  postfrontal,  partly  to  the  prootic,  while  the  posterior  be- 
longs to  the  pterotic  alone.  A sharp  ridge  divides  the  part  of  the  prootic  visible 
from  below  from  that  looking  towards  the  orbit;  with  this  ridge  a ligament  from 
the  hyomandibular  is  connected. 

The  parasphenoid  (pa)  is  elongated,  reaching  farther  in  front  than  in  Aulo- 
stoma and  Fistularia,  and  connects  in  a long  triangular  suture  with  the  vomer;  it 
possesses  a considerable  orbital  part,  joining  the  frontal  above  and  laterally  bound- 
ing the  fossa  for  the  inferior  musculi  recti  of  the  eye.  A true  “myodoma”  is  not 
developed,  the  prootics  from  both  sides  not  meeting  completely  to  form  a bony  roof 
over  the  origin  of  the  eye-muscles. 

The  front  end  of  the  vomer  is  somewhat  heart-shaped,  edentulous;  for  a long 
way  it  is  joined  to  the  concave  under  face  of  the  mesethmoid  and  its  needle- 
shaped  hind  part  reaches  along  the  parasphenoid  to  the  level  of  the  prefi’ontals. 
The  orbital  wall  of  the  brain-case  is  formed  by  the  parasphenoid,  prootic, 
postfrontal,  alisphenoid  (the  latter,  being  small,  is  easily  overlooked)  and  the 
frontal. 
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There  is  no  canal  for  the  lateral  line  in  any  of  the  cranial  bones,  nor  in  the 
preoperculum  and  preorbitals  described  below. 

The  mouth-parts  are  fairly  large,  except  the  intermaxilla  (PI.  V,  fig.  4,  5 i);  the 
latter  and  particularly  the  maxilla  (mx)  is  bound  by  strong  ligaments  to  the  snout- 
cartilage,  the  maxilla  besides  to  the  vomer  and  — as  usual  — to  the  maxillary 
process  of  the  palatine.  The  mandible  has  three  parts:  the  articular  (ar)  and  dental 
(d)  form  together  a large  process  for  a branch  of  the  tendon  of  the  M.  adductor 
mandibiilcc  (another  is  attached  to  the  maxilla);  the  angular  (an)  is  small  and 
as  usual  connected  by  a strong  ligament  — here  a long  one  — with  the  interoper- 
culum. 

Teeth  are  completely  wanting  on  all  the  bones  of  the  mouth  and  pharynx, 
also  on  the  branchial  arches.  Of  the  suspensory  parts  the  hyomandibular  (hy)  is 
stout,  fairly  short  and,  contrary  to  the  case  in  Aulostoma  and  Fistularia,  very  little 
sloping  forwards.  On  the  upper  inner  margin  it  has  a wing-like  expansion,  joined 
by  ligament  to  the  prootic  as  mentioned  above;  the  lower  end  is  cartilaginous 
and  connected  with  the  proximal  part  of  the  horizontal  symplectic  (sy);  the  latter 
is  joined  to  a process  on  the  inner  side  of  the  stylohyal  by  a long  ligament  (1). 
The  symplectic  bifurcates  into  two  branches;  the  lower  fork  is  horizontal,  continuing 
the  horizontal  stem  and  enclosing  a cartilaginous  axis;  in  front  it  joins  the  quadrate 
(qu);  the  upper  fork  is  an  oblique  plate  connected  with  the  two  antorbitals  (ao,  ao') 
(particularly  with  the  posterior,  the  preorbital  proper),  replacing  so  to  speak  the 
metapterygoid,  which  is  completely  wanting.  The  upper  branch  of  the  symplectic 
is  bound  to  the  skull  by  connective  tissue. 

The  quadrate  (qu)  is  much  elongated,  its  outer  face  convex,  the  inner  concave, 
behind  it  is  pointed,  broadening  anteriorly;  the  front  margin,  contrary  to  the  case 
in  Aulostoma  and  Fistularia,  slopes  from  behind  forwards.  The  outer  face  is  sculp- 
tured and  carries  a longitudinal  ridge  from  the  posterior  end  to  the  articular  head 
for  the  mandible.  The  upper  margin  is  for  a long  way  not  in  contact  with  the 
pterygoid,  a feature  not  to  be  found  in  the  genera  hitherto  described.  Only  two 
pterygoids  are  developed;  the  ectopterygoid  (ect),  bent,  with  the  front  part  joining 
the  palatine  (pa),  the  hind  part  connecting  with  the  entopterygoid  (ept)  and  the 
anterior  margin  of  the  quadrate;  the  latter  also  joins  the  anterior  broad  part  of  the  ent- 
opterygoid, which  tapers  backwards  to  a point  without  reaching  to  the  symplectic. 
The  outside  of  the  entopterygoid  is  covered  by  the  anterior  preorbital  bone  (ao'), 
except  in  front,  their  upper  margins  being  joined. 

The  short  palatine  (pa)  carries  a prominent  maxillary  process.  The  preoper- 
culum (pro)  has  a short  ascending  part  covering  part  of  the  front  face  of  the  hyo- 
mandibular and  extending  to  the  cheek,  embracing  the  origin  of  the  cheek-muscle; 
the  horizontal  part  is  long,  in  front  joining  the  posterior  preorbital  (ao)  and  — with 
a long  oblique  suture  — the  quadrate;  the  inner  face  caries  a horizontal  ridge  con- 
necting with  the  symplectic;  (behind  and)  below  the  cartilaginous  proximal  end  of 
the  latter  is  the  articular  fossa  for  the  stylohyal.  The  whole  outer  face  is  sculp- 
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tured,  a longitudinal  ridge,  beginning  from  about  the  posterior  angle,  and  continued 
by  the  above-described  ridge  on  the  quadrate,  separates  the  cheek  face  proper  from 
the  inwards  sloping  under  face. 

The  typical  three  opercular  bones  are  present;  but  the  suboperculum  (s)  is 
concealed  by  the  operculum  (o)  (PI.  V,  fig.  5),  and  the  interoperculum  (io)  is  gener- 
ally only  to  be  seen  fiom  below. 

The  operculum  is  large,  vaulted,  its  upper  anterior  angle,  outside  the  articula- 
tion with  the  hyomandibular,  is  drawn  out  into  a muscle-process;  the  concave 
inner  face  shows  a strong  muscle-ridge,  starting  from  the  lower  margin  of  the  arti- 
cular fossa.  The  suboperculum  is  extremely  thin,  sickle-shaped,  hidden  by  the 
lower  part  of  the  operculum,  only  its  hinder  end  is  sometimes  seen  projecting  out- 
side the  operculum  into  the  opercular  membrane;  the  latter  besides  encloses  the 
two  long  and  slender  branchiostegal  rays  (r).  Interoperculum  (io)  thin,  fairly  high, 
pointed  at  both  ends,  the  front  end  joined  by  the  ligament  (li)  to  the  angular,  the 
hind  end  by  the  ligament  (li')  to  the  hyoid  (to  the  process  of  the  latter  below  which 
the  branchiostegal  rays  are  attached). 

The  infraorhitals  are  represented  by  the  two  large  bones  ao  and  ao'  (PI.  V, 
figs.  4,  5),  which  however  do  not  contain  any  lateral-line  canal.  The  posterior  (ao)  is 
situated  in  the  normal  position  for  the  antorbital  (or  preorbital);  it  is  bound  by 
strong  connective  tissue  to  the  prefrontal,  and  in  front  of  this  spot  it  is  emar- 
ginated  for  the  nasal  opening;  inside  the  connection  with  the  prefrontal  the 
upper  margin  is  firmly  joined  to  the  upper  branch  of  the  symplectic;  the  lower 
margin  is  suturally  connected  with  the  preoperculum,  the  front  margin  with  the 
anterior  preorbital  (ao').  The  latter  is  more  elongated,  its  upper  margin  joined  to 
the  upper  branch  of  the  symplectic  and  to  the  entopterygoid,  the  lower  margin 
to  the  outside  of  the  quadrate;  the  front  margin  is  free.  The  convex  outer  face 
of  both  antorbitals  is  sculptured;  between  their  inner  concave  face  and  the  outer 
face  of  the  true  suspensory  bones  is  the  Muse,  adductor  mandibulce,  the  tendons  of 
which  appear  below  the  margin  of  the  foremost  preorbital,  branching  to  the 
mouth  parts. 

It  is  a curious  fact  that  some  of  the  previous  authors  did  not  recognise  these 
hones  as  infraorhitals  in  spite  of  their  position  outside  the  muscles,  covering  these. 
That  some  authors  have  regarded  the  anterior  infraorbital  as  the  metapterygoid 
might  he  excused  by  the  circumstance  that  its  upper  margin  is  suturally  connected 
both  to  the  entopterygoid  and  to  the  symplectic  and  thus  to  a certain  degree  plays 
the  part  of  a metapterygoid;  but  in  some  other  Syngnathids  (e.  g.  Nerophis)  it  does 
not  enter  between  the  suspensorial  hones,  and  besides  its  relation  to  the  muscu- 
lature ought  to  have  prevented  the  mistake.  That  the  posterior  bone  must  be 
homologous  to  the  preorbital,  I think  nobody  will  question;  but  in  teleosts  gener- 
ally no  bones  are  found  in  front  of  the  preorbital;  nevertheless  they  may  occur  in 
some  fishes,  as  I have  shown  to  be  the  case  in  Amphisile,  where  1 — 4 small  bones 
appear  in  this  position.  That  no  canal  for  the  lateral  line  is  present  in  the  infra- 
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orbitals  of  Siphonostoma,  and  other  Syngnathids  is  in  accord  with  the  fact  that  all 
the  other  hones  of  the  skull  as  well  as  the  dermal  plates  of  the  body  are  devoid  of 
canals;  and  besides,  if  infraorbitals  are  found  in  other  members  of  the  group  “So- 
lenichthyes'’  (which  is  the  case  with  Amphisile,  Centrisciis,  Aulostoina)  they  also  lack 
canals. 

In  Siphonostoma,  and  the  Syngnathids  generally,  the  connection  between  the 
cranial  beak  and  the  suspensory  bones  appears  to  be  somewhat  looser  or  weaker 
than  in  the  preceding  genera. 

The  hyoid  (PI.  VI,  figs.  1,  4,  5)  is  short,  reaching  only  about  to  the  front  end 
of  the  first  gill  arch;  it  is  composed  of  but  4 pieces,  no  division  between  an  epi- 
hyal  and  a ceratohyal  being  visible.  If  we  compare  this  form  wdth  Aulostoma  and 
Fistularia  it  seems  possible  that  the  ceratohyal  has  vanished , or  has  been  fused 
with  the  large  lower  hypohyal  (hyi);  but  I have  not  been  able  to  find  any  trace 
of  a suture,  neither  in  the  hypohyal  nor  in  the  epihyal,  which  might  indicate  two 
constituents.  The  lower  hypohyal  is  very  large  as  in  the  other  members  of  the 
“Solenichthyes”,  and  also  here  a considerable  part  of  it  covers  the  inside  (fig.  4)  of 
the  epihyal  (eh),  whereas  the  latter  overlaps  on  the  outer  side  (fig.  5).  The  upper 
hypohyal  (hy^'^)  is  very  small,  roundish;  the  stylohyal  (st)  short  and  stout,  with  the 
articular  head  facing  outwards,  and  carrying  on  the  inner  side,  below  the  articular 
head,  a strong  process,  which  is  connected  by  ligament  with  the  symplectic.  The 
epihyal  on  its  outer  side  has  a strong,  triangular  process,  and  below  this  are  fixed 
the  two  long  and  slender  branchiostegals  (r),  the  upper  of  which  is  the  stouter; 
both  follow  the  opercular  margins  to  the  small  gill-slit  close  to  the  nape  (PI.  V, 
fig.  5 r). 

The  glossohyal  (PI.  VI,  figs.  1,  10  gl)  is  long  and  slender;  the  foremost  longer 
part  is  cartilaginous;  the  proximal  osseous  part  hardly  projects  over  the  anterior 
end  of  the  hyoid;  behind  it  is  closed,  without  cartilage  (sometimes  a small  separate 
nodule  of  cartilage  is  found  between  it  and  the  first  basibranchial).  Tbe  urohyal 
is  fairly  long,  reaching  backwards  past  the  level  of  the  articulation  of  the  hyoid; 
in  front  it  is  broad,  head-shaped,  the  remaining  part  laterally  compressed.  Only 
two  ossified  basibranchials  (copulse)  are  present;  the  first  (coj)  follows  immediately 
behind  the  glossohyal;  its  anterior  end  is  without  cartilage,  the  cartilaginous  post- 
erior end  joins  the  cai’tilaginous  front  end  of  the  second  basibranchial  (con);  the 
posterior  end  of  the  latter  reaches  the  hypobranchials  (hy)  of  the  second  gill- 
arch.  Sometimes  an  indication  of  a third  basibranchial  is  found  midway  between 
tbe  second  and  third  arches  in  the  shape  of  a weak  lenticular  nodule  of  car- 
tilage. 

As  in  Aulostoma  and  Fistularia  the  parts  of  the  branchial  arches  belonging  to 
the  roof  of  the  pharynx  are  reduced.  The  first  gill-arch  has  only  two  parts,  the  ce- 
ratobranchial  (ci)  and  the  epibranchial  (ej);  the  latter  is  rudimentary  and  widely 
separated  from  the  first.  The  lower  end  of  the  ceratobranchial  is  completely 
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ossified,  while  in  all  the  following  it  is  cartilaginous.  The  epibranchial  is  some- 
times incompletely  ossified.  The  second  gill-arch  is  composed  of  the  typicat  4 
elements,  the  hypobranchial  (hyn)  joins  its  fellow  at  the  posterior  end  of  the  se- 
cond basibranchial;  its  cartilaginous  hind  end  passes  without  any  articulation  di- 
rectly into  the  cartilaginous  part  of  the  ceratohyal  (cn);  the  latter  is  widely  separated 
from  the  epihyal  (en)  which  joins  the  considerably  longer  pharyngobranchial  (phn). 
The  third  gill-arch  is  devoid  of  hypobranchial,  its  epibranchial  separated  from  the  ce- 
ratohyal but  articulated  to  the  pharyngobranchial;  the  latter  (phm)  is  joined  to  the 
upper  and  inner  side  of  the  preceding  pharyngobranchial.  The  fourth  and  fiftth 
arches  have  only  the  ceratobranchial.  Thus  the  branchial  apparatus  is  still  more 
reduced  than  in  Aiilostoma  and  Fistularia,  not  only  the  second  and  third  epibran- 
chials  but  also  the  first  being  separated  from  their  ceratohyals;  the  fourth  pha- 
ryngobranchial is  lost,  as  well  as  the  hypobranchials  of  the  first  and  third  arches; 
but  two  basibranchials  are  present;  no  trace  of  teeth.  As  the  interspaces  between 
the  arches  in  the  ventral  median  line  are  rather  large,  the  whole  gill-bearing  appa- 
ratus appears  elongated  and  reaches  farther  back  than  is  usual  in  fishes;  ac- 
cordingly the  operculum  is  also  elongated.  The  five  gill-clefts  on  each  side  are 
surrounded  by  gill-rakers,  which  are  pointed  and  fairly  long  and  contain  an  ossi- 
fication (sometimes  divided  into  two,  the  point  being  separately  ossified);  the  gill- 
rakers  are  never  directh'  joined  to  the  skeleton,  but  enclosed  in  the  skin,  the  post- 
erior or  inner  row  being  farthest  away  from  the  skeleton;  they  do  not  go  beyond 
the  boundaries  of  the  ceratobranchials. 

The  pectoral  arch.  This  part  seems  to  have  been  thoroughly  examined  by 
only  two  or  three  authors,  Parker  (in  his  great  work  on  the  Shoulder-girdle  (40) 
1868),  Smitt  (54),  and  lately  Goodrich  (15).  None  of  these  authors  have  made  out 
the  facts  correctly;  consequently  their  interpretation  cannot  be  correct. 

It  is  well  known  that  the  dermal  armature  in  all  Syngnathidce  is  composed 
of  large  bony  scutes,  arranged  regularly  in  series  and  forming  rings  round  the 
body.  In  Siphonostoma  typhle  each  ring  of  the  trunk  anterior  to  the  dorsal  fin  and 
the  anal  opening  is  composed  of  7 plates  (PI.  Ill  fig.  2),  3 pairs  — namely  the  sup- 
erior (si),  median  (ml)  and  inferior  (il)  lateral  plates  — , and  one  unpaired,  the 
ventral  plate.  The  interspaces  between  the  large  plates  are  filled  out  by  small 
and  thin  ones  forming  one  median  series  along  the  back,  two  along  each  lateral 
aspect  (i)  and  one  along  each  side  of  the  belly.  This  arrangement  is  found  imme- 
diately behind  the  pectoral  fin.  Anterior  to  the  pectoral  the  arrangement  is  some- 
what different.  Here  the  clavicle  (cl)  forms  part  of  the  exoskeleton;  the  superior 
lateral  plate  is  wanting,  likewise  the  ventral  plate;  but  in  the  closely  related 
Syngnathus  the  ventral  is  present.  In  the  dorsal  median  line  is  found  an  unpaired, 
rather  thick  and  solid  longitudinal  plate  (n),  and  anterior  to  this,  behind  the  skull,  a 
similar  one,  but  smaller  (n’).  These  two  “nuchal”  plates  I regard  as  belonging  to 
the  endoskeleton,  being  in  my  opinion  interspinous  bones.  Finally  a plate  is  found, 
which  seems  to  correspond  to  the  true  or  median  lateral  plate  of  the  following 
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rings;  as  it  covers  part  of  the  muscles  of  the  pectoral  fin  I propose  to  call  it  the 
“cover-plate”  (c).  The  inferior  lateral  plate  has  the  greater  part  on  the  ventral  side, 
where  it  forms  a large  junction  with  its  fellow  from  the  other  side;  it  may  be 
termed  the  “jugular  plate”  (j). 

In  a slit  between  the  clavicle  and  the  “cover-plate”  in  front,  and  the  lateral 
and  inferior  lateral  of  the  first  ring  behind,  the  basals  or  pterygials  of  the  pectoral 
fin  are  immovably  fixed 

Closer  inspection  shows  that  the  clavicular  arch  only  contains  the  post- 
temporal and  the  clavicle;  the  supraclavicle  and  the  postclavicle  are  wanting.  The 
posttemporal  is  already  mentioned  under  the  skull.  The  clavicle  (PI.  Ill,  figs.  1,  2,  6, 
7 cl)  has  somewhat  the  form  of  a T;  the  anterior  end  of  the  horizontal  branch  is 
connected  through  ligament  to  the  posttemporal;  besides  this  branch  is  immovably 
fixed  to  the  transverse  processes  of  the  2 foremost  vertebrae.  The  outer  face  of 
the  anterior  part  of  the  horizontal  branch  is  smooth  and  excavated,  forming  the 
interior  wall  of  the  tube  leading  to  the  gills;  the  hind  part  of  the  branch  and  the 
uncovered  part  of  the  stem  are  sculptured  in  the  same  way  as  the  dermal  plates. 
The  lower  end  of  the  stem  or  vertical  part  is  bifurcated,  the  outer  branch  (o)  being 
connected  with  the  lateral  part  of  the  jugular  plate,  the  inner  (i)  with  the  horizontal 
part  of  the  same.  Through  the  passage  thus  produced  a ventral  portion  of  the  lateral 
muscles  goes  to  the  urohyal. 

The  scapular  skeleton  is  extremely  weak;  the  cartilaginous  part,  preserved 
to  a small  extent  in  all  bony  fishes,  here  forms  the  greater  part  of  the  whole;  in 
fact  the  ossifications  appear  so  small  in  proportion  to  the  cartilage,  that  the  latter 
has  been  mistaken  by  the  previous  authors  for  the  whole  scapular  skeleton. 

The  very  small  scapula  (sc)  has  hitherto  been  quite  overlooked;  the  cora- 
coid (co)  being  much  greater  has  not  escaped  attention  but  has  been  interpreted 
as  an  “interclavicle”.  Parker  wrongly  supposed  that  it  was  composed  of  two 
pieces,  and  hence  he  described  2 “interclavicles”;  Smitt  observing  better  only  cor- 
rected to  one  “interclavicle”.  Goodrich  figures  only  a “coraco-scapular  cartilage”; 
the  ossified  coracoid  is  not  represented  in  his  figure,  and  the  small  scapular  ossi- 
fication is  given  as  the  first  of  his  “5  radials”  (i.  e.  pterygials). 

The  scapular  foramen,  present  in  other  Teleosteans,  here  forms  part  of  the 
large  opening  between  the  clavicle  and  the  scapular  arch;  just  in  front  of  the  sca- 
pular ossification  pass  the  same  nerves  and  blood-vessels  which  otherwise  go  through 
the  foramen  scapulare. 

The  4 basals  or  pterygials  (ba)  are  of  peculiar  shape.  Their  middle  part 
is  a narrow  stalk,  basally  and  distally  they  are  laterally  compressed  and  broad; 
so  far  their  form  might  easily  be  derived  from  that  found  in  Fistularia  and  Aalo- 
stoma.  But  in  the  Lophobranch  the  distal  part  is  on  both  sides  provided  with  2 or 
3 thin  processes,  which  at  their  end  are  flattened  out  into  more  or  less  irregular 
plates.  The  latter  lean  against  the  dermal  skeleton ; those  of  the  inner  face  are 
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immovably  joined  to  the  lateral  and  inferior  lateral  plate,  those  of  the  outer  face 
to  the  dermal  part  of  the  clavicle  and  to  the  “cover-plate”.  In  this  way  the 
structural  arrangement  before-mentioned  is  brought  about;  the  whole  part,  on 
which  the  pectoral  rays  play,  is  solidly  fastened  between  the  lips  of  the  slit  in 
the  armature.  Through  the  narrow  apertures  left  between  the  component  skeletal 
parts  the  tendons  pass  from  the  pectoral  muscles  to  the  base  of  the  fin-rays,  thus 
arranged  between  and  conducted  by  a system  of  “coulisses”.  In  this  way  the  whole 
scapular  system  is  strengthened  by  the  dermal  armature,  and  the  extremely  thin 
and  fragile,  mostly  cartilaginous,  apparatus  is  rendered  capable  of  forming  the  base 
for  such  powerful  muscles  as  are  really  found  here. 

The  peculiar  structure  of  the  pterygials  and  the  mechanical  part  it  plays, 
has  hitherto  escaped  attention;  only  Parker  has  observed  the  bony  processes, 
which  he  compares  with  stag’s-horns  without  understanding  their  functions. 

The  cleft  base  of  the  fin-rays  embraces  a small  nodule  of  cartilage,  which 
forms  the  joint  with  the  cartilaginous  mass  resulting  from  the  fusion  of  the  distal 
ends  of  all  the  pterygials. 

The  (14)  pectoral  rays  are  as  usual  composed  of  two  lateral  halves,  but  un- 
jointed and  unbranched. 

Osteology  of  other  members  of  the  Syngnathidae. 

In  the  other  Syngnathids  which  I have  examined  the  main  features  of  the 
vertebral  column  are  the  same  as  in  Siphonostoma  typhle;  i.  a.  the  vertebrae  sup- 
porting the  dorsal  fin  are  always  provided  with  a secondary  transverse  process  in 
the  shape  of  a wing  behind  the  primary  one,  whether  they  belong  to  the  abdominal 
or  the  caudal  portion.  Syngnathiis  aciis  and  rostellatus  show  hardly  any  pecularities 
worth  mentioning. 

In  Nerophis  the  three  anterior  vertebrae  are  still  immovably  joined  together, 
but  the  third  is  more  loosely  attached  to  the  second  than  in  the  genera  Siphono- 
stoma, Syngnathus  and  Hippocampus . In  Nerophis  ceqiwreus  the  greater  part  of  the 
dorsal  fin  is  situated  on  the  abdominal  vertebrae.  In  two  specimens  ($)  12  resp.  11 
vertebrae  are  modified  to  this  end,  8 belonging  to  the  abdominal,  4 or  3 to  the 
caudal  series;  the  groups  of  interspinous  bones  are  the  following; 

A;  6,  4,  4,  3,  4,  3,  3,  3 j 4,  3,  3,  6* 

B : 4,  4,  4,  3,  4,  3,  4,  3 j 4,  4,  3. 

All  the  abdominal  vertebrae  are  long,  with  stout  transverse  processes,  distally 
expanded  and  more  directed  downwards  than  in  Siphonostoma,  probably  corre- 
sponding to  the  more  compressed  shape  of  the  body;  besides,  these  processes  are 
somewhat  nearer  to  the  front  end  than  in  S.  The  first  caudal  has  a well-developed 
inferior  (haemal)  arch;  the  last  vertebra  carries  a single  vertical  plate,  probably 
* The  three  hindmost  of  the  last  group  are  densely  crowded  together. 
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representing  two  fused  hypurals  and  the  urostyle,  and  embraced  by  7 fin-rays;  the 
latter  are  all  really  ventral  to  the  end  of  the  chorda.  The  dorsal  iriterspinous  bones 
are  relatively  longer,  the  spinous  processes  lower  than  in  Siphonostoma ; they  pos- 
sess similar  but  more  regular  expansions  (cfr.  PI.  IV,  fig.  12).  Anal  fin  and  anal  inter- 
neurals  are  wanting. 

Nerophis  ophidian  has  similar  vertebrae  to  the  preceding  species;  only  the 
last  caudal  vertebra  is  without  any  plate,  the  caudal  fin  being  absent.  The 
dorsal  fin  is  for  the  greater  part  situated  on  the  tail.  A specimen  (^)  with  34 
dorsal  rays  has  its  dorsal  fin  supported  by  11  vertebrae,  3 abdominal  and  8 caudal; 
the  grouping  of  the  interneurals  is  the  following: 

3,  3,  4 ' 3,  3,  3,  2,  3,  3,  4,  3. 

The  caudal  vertebrae,  except  the  last,  are  provided  with  haemal  arches;  the 
last  vertebra  is  rudimentary,  without  any  processes  save  an  indication  of  transverse 
processes.  The  number  of  caudal  vertebrae  in  this  specimen  is  74! 

In  Hippocampus  the  vertebrae  ax'e  shorter  and  stouter  than  in  the  pi’eceding, 
elongated  genera,  but  the  genei-al  shape  is  the  same.  Also  here  the  3 anterior  are 
immovable  and  first  and  second  firmly  joined  to  the  clavicle.  In  the  two  species 
examined  (//.  brevirostris  and  longirostris)  there  are  11  abdominal  vertebrae;  the  dor- 
sal interspinous  bones  are  connected  with  the  two  foremost  caudal  vertebrae  {H.  brevi- 
rostris, PI.  IV,  fig.  2)  or  besides  with  the  last  abdominal  {longirostris).  Tbe  first  caudal 
vertebra  has  a haemal  arch  but  open  below,  sometimes  joined  to  the  next,  which 
also  may  be  open  below.  The  haemal  arches  of  the  two  anterior  caudal  vertebrae 
are  directly  in  connection  with  the  interspinous  bones  for  the  anal  fin  (PI.  IV, 
fig.  2).  The  secondary  transverse  process  is  very  long,  only  separated  by  a narrow 
slit  from  the  primary  one  on  the  vertebrae  supporting  the  dorsal  fin.  The  haemal 
arches  are  considerably  stouter  than  in  the  elongated  genera,  and,  as  the  vertebrae 
are  shorter,  the  protection  of  the  large  subcaudal  blood-vessels  is  mucb  the  same 
as  in  other  fishes.  The  spinous  processes  are  somewhat  more  strongly  marked  than 
in  the  other  genera.  The  last  vertebra  rudimentary. 

In  H.  brevirostris  (c?)  the  number  of  vertebrae  is  found  to  be:  37  = 11  + 26. 

The  15  {H.  brevirostris)  or  16  {H.  longirostris)  dorsal  interspinous  bones  are 
bisegmented;  the  distal  segment  is  a small  cartilage;  the  proximal  segment  longer 
than  in  the  preceding  genera;  the  lateral  expansions  for  connection  with  the  3 upper 
lateral  plates  of  the  armour  are  directed  obliquely  downwards.  The  row  of  inter- 
neurals is  rather  densely  crowded,  but  two  fanshaped  groups  may  easily  be  distin- 
guished, one  for  each  supporting  vertebra  (8  and  7 members).  In  each  group  the 
lateral  expansions  are  directed  towards  the  middle,  pointing  backwards  on  the  ant- 
erior members  and  forwards  on  the  posterior. 

The  anal  fin  in  H.  brevirostris  has  3 bisegmented  interspinous  bones  (not  fused 
together);  the  terminal  segment  is  a small  cartilage,  the  proximal  is  long,  reaching 
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to  the  haemal  arches  of  the  two  foremost  caudal  vertebrae;  the  fin-muscles  originate 
only  from  the  first.  The  anterior  interneural  is  somewhat  stouter  than  the  others 
and  with  well-developed  expansions  for  connection  with  the  foremost  pair  of  lower 
lateral  plates,  which  bound  the  anal  space;  on  the  following  interneurals  the  ex- 
pansions are  only  indicated. 

H.  longirosiris  seems  only  to  possess  two  anal  interneurals. 

The  number  of  fin  rays  in  the  dorsal  fin  is  17 — 18,  in  the  anal  4;  their  struc- 
ture is  as  in  the  preceding  genera 

The  other  Syngnathids  examined  show  essentially  the  same  structure  of  the 
skull  as  Siphonostoma.  Syngnathus  {acus  and  rostellatiis)  only  differs  in  minutiae  in 
the  outline  or  form  of  some  of  the  bones.  In  Nerophis  {cequoreus  and  ophidian)  (PI. 
V,  figs.  10,  9)  the  most  conspicuous  differences  are  the  following.  The  entopterygoid 
is  longer  and  joins  the  upper  branch  of  the  symplectic.  The  posterior  antorbital 
(ao)  is  considerably  more  elongated,  in  N.  cequoreus  reaching  past  the  suture  between 
the  mesethmoid  and  vomer,  while  the  anterior  is  much  smaller  and  not  in  con- 
tact with  the  cranial  beak  (very  often  it  is  almost  rudimentary,  not  reaching  behind 
to  the  posterior  preorbital);  along  the  latter,  therefore,  the  entopterygoid  (ept)  is 
uncovered  for  a long  way;  the  front  margin  of  ao'  almost  reaches  the  suture  between 
the  quadrate  and  the  ectopterygoid.  The  bones  of  the  skull,  the  suspensorial  parts 
are  stouter,  the  maxilla  broader  and  stouter  etc.  than  in  Siphonostoma.  In  Nerophis 
ophidian  the  snout  is  short  and  stout,  the  mesethmoid  and  vomer  therefore  parti- 
cularly powerful.  Ill  both  species  these  two  bones  are  about  of  equal  length.  The 
nuchal  tendons,  fastened  to  the  epiotics,  are  ossified  in  Ner.  ophidian  (fig.  9 t),  as  in 
Aulostoma,  Fistularia  and  Solenostonuis,  but  unossified  in  N.  cequoreus. 

In  Hippocampus  (PI.  V,  fig.  6)  the  differences  seem  more  obvious;  they  are 
partly  due  to  the  large  spines  on  the  frontals,  the  smaller  ones  on  the  mesethmoid 
and  supraoccipital,  but  besides,  the  braincase  proper  is  relatively  larger  in  pro- 
portion to  the  snout,  the  latter  being  not  only  shorter  but  also  broader  than  in 
the  preceding  genera.  The  nuchal  face  is  oblique  in  the  opposite  direction,  from 
below  upwards  and  backwards;  the  supraoccipital  and  its  crest  is  much  larger, 
forcing  the  epiotics  (ep)  down  on  the  sides  of  the  skull  and  giving  attachment  to 
the  tendons  (at  *),  which  in  the  other  genera  are  fastened  to  the  epiotics.  The 
posttemporal  (pt)  sends  out  from  its  lower  margin  a process  (p)  to  the  lateral  wing 
of  the  exoccipital.  The  hyomandibular  (fig.  7 hy)  is  much  longer,  and  somewhat 
more  sloping  forwards,  the  ascending  part  of  the  preoperculum  (pro),  therefore, 
longer.  As  in  Siphonostoma  the  entopterygoid  does  not  reach  the  symplectic.  The 
operculum  is  higher  than  long,  the  suboperculum  extremely  reduced,  never  visible 
from  without  (and  very  easily  overlooked);  the  interoperculum  short  but  high. 
There  are  three  antorbitals  (ao,  ao’,  ao”).  The  same  is  found  in  the  other 
genera  of  the  Hippocampine  group,  e.  g.  Solenognathus  (hardwickii),  Gasterotokeus 
and  Phytlopteryx  (foliatus).  The  posterior  antorbital  (ao)  is  small,  especially  in 
Phyllopteryx  (PI.  V,  fig.  8);  in  the  latter  the  elongated  middle  antorbital  (ao’)  is 
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provided  with  a hooked  spine,  pointing  backwards.  Also  here  the  nuchal  tendons 
appear  to  be  fixed  to  the  supraoccipital;  the  braincase  is  upon  the  whole  similar 
to  that  of  Hippocampus,  but  the  snout  is  long  and  slender,  and  more  than  half  its 
length  is  due  to  the  mesethmoid. 

In  Syngnatims  the  branchial  apparatus  is  like  that  of  Siphonostoma,  but 
in  the  other  genera  it  differs  considerably.  In  Nerophis  (ceqiiorens  and  ophiclion)  the 
hyoid  has  only  three  pieces,  the  upper  hypohyal,  which  in  Siphonostoma  is  very 
small,  being  lost;  there  is  only  one  hranchiostegal,  which  bifurcates  distally  and  is 
fixed  to  the  inner  side  of  the  epihyal.  The  glossohyal  is  short  but  with  long 
anterior  cartilage,  the  urohyal  long  and  stout.  The  gill-bearing  part  is  still  more 
elongated  (PI.  VI,  fig.  12);  there  are  the  same  two  basibranchials,  but  the  first  arch 
is  provided  with  a hypobranchial,  while  all  the  following  are  devoid  of  hypo- 
branchials;  every  trace  of  epibranchials  is  wanting,  and  the  pharyngobranchials 
are  reduced  to  one  on  each  side,  probably  representing  that  of  the  second  arch.  * 
The  gill-rakers  are  similar  to  those  in  Siphonostoma. 

In  Hippocampus  (PI.  VI,  fig.  11)  {brevirostris  and  longirostris)  the  glossohyal  (gl) 
is  very  short,  the  urohyal  short  and  stout;  the  hyoid  and  the  branchiostegals  as 
in  Siphonostoma.  Basibranchials  are  totally  absent.  The  first  gill-arch  possesses  a 
hypobranchial  and  an  epibranchial ; the  hypobranchial  is  longer  than  the  cerato- 
branchial,  and  provided  with  flat  lateral  expansions;  it  is  almost  parallel  to  its 
fellow  from  the  opposite  side,  or  only  feebly  converging  in  front.  The  second  arch 
is  complete,  having  a pharyngobranchial,  in  the  third  only  the  hypobranchial  is 
wanting.  Thus,  except  the  first  arch,  the  gill-arches  agree  with  those  of  Siphono- 
stoma. The  gill-rakers  are  somewhat  longer  than  in  the  latter,  but  their  ossified 
axis  is  confined  to  the  basal  part  only. 

The  following  tabular  view  of  the  genera  examined  will  show  the  main 
features  of  the  branchial  apparatus: 


Siphonostoma  and  Syngnathus. 


Gill  arch 
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* Sometimes  it  may  on  the  one  side  be  divided  in  the  middle  by  an  articulation  (representing  2d 
and  3d  pbaryngobrancbial?) ; upon  the  whole  it  is  often  somewhat  differently  shaped  on  the  two  sides. 

I).  K.  I).  Vidensk.  Selsk.  Skr.,  7.  Ha^kke,  naturvidensk.  og  niathem.  Afd.  VIII.  .7.  40 
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Nerophis. 
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Hippocampus. 


Gill  arch 
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Pectoral  skeleton.  Nerophis  has  no  pectoral  tins  in  the  adult  state;  only 
the  larvjE  possess  well-developed  pectorals,  but  without  rays.  In  Nerophis  the 
“pectoral  ring”  is  composed  mainly  as  in  Siphonostoma,  the  only  difference  being 
that  the  second  nuchal  plate  is  joined  to  the  clavicle,  and  the  “cover-plate”  is  ab- 
sent. As  there  is  no  slit  in  the  armature  for  the  missing  pectoral  fin  the  lateral 
plate  of  the  following  ring  joins  firmly  on  to  the  clavicle. 

The  clavicle  is  of  the  same  type  as  in  Siphonostoma,  but  every  trace  of  the 
scapular  arch  has  vanished  together  with  the  fin-muscles. 

In  Hippocampus  (and  its  allies)  the  clavicular  and  scapular  arches  and  the 
pterygials  are  in  the  main  as  in  Siphonostoma^'K  The  pectoral  ring  does  not 
materially  differ  from  that  of  Siphonostoma.  Comparing  the  figure  (PI.  Ill,  fig.  3) 
with  the  other  one  (fig.  2),  the  same  constituents  will  easily  be  found.  In  Hippo- 
campus there  are  3 nuchal  plates,  the  posterior  is  generally  not  to  be  found  in  the 
Syngnathine  group.  The  anterior  fig.  3 n’  is  of  very  peculiar  shape,  joining  the 
skull  and  apparently  forming  the  top  of  the  bent  head,  often  described  as  the 
“corona”.  This  part  is  wanting  in  some  members  of  the  Hippocampine  group 
(Gasterotokeiis,  Phyllopteryx)  but  present  in  SoIenognathus'^K  In  Phyllopteryx  the 
hindmost  nuchal  is  provided  with  a long  bony  style,  like  the  top  of  the  supra- 
occipital,  and  several  (paired)  styles  from  the  dermal  armour  supporting  the  curious 
dermals  flaps  characteristic  of  the  genus. 
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Visceral  anatomy. 

All  Syngnathidse  possess  4 complete  gills  and  a well-developed  pseudobranchia, 
consisting  of  3 — 4 lamelke  (4  in  Siphonostoma,  3 in  Nerophis  and  Hippocampus)  of 
the  same  structure  as  those  of  the  branchial  arches.  The  upper  gill  lamellae  of 
each  row  lake  their  origin  from  the  pharyngeal  wall,  as  in  Fistiilaria  and  Aiilostonm. 
On  each  side  are  5 gill-slits,  which  do  not  reach  farther  dorsally  than  the  cerato- 
branchial  part  of  the  arch;  the  anterior  slit,  between  the  hyoid  and  the  first  gill- 
arch,  is  much  smaller  than  the  following  4.  The  gill-rakers  have  already  been 
mentioned,  as  also  the  fact  that  the  structure  of  the  gill-lamellse  does  not  materially 
differ  from  that  of  other  teleostean  fishes.  For  further  information  about  the 
latter  point  I may  refer  to  Dumeril  (12  a,  p.  148  and  b,  p.  480),  where  the  older 
literature  is  cited,  and  to  Ryder  (48,  p.  193)  and  Huot  (19,  p.  220). 

The  anatomy  of  the  internal  organs  has  been  worked  out  and  more  or  less 
completely  described  by  several  authors,  among  whom,  besides  those  quoted  by 
Dumeril,  I might  mention  Retzius,  Kroyer,  Lilljeborg  and  Huot.  Here  I need 
only  point  out,  for  comparison  with  the  other  genera  under  consideration,  that  the 
intestinal  canal  is  simple,*  (straight  or  nearly  so  in  the  elongated  forms,  coiled  in 
Hippocampus),  apparently  without  distinct  stomach , the  boundary  between  the 
stomach  and  intestine  being  only  marked  off  by  the  entrance  of  the  bile-duct, 
without  pyloric  appendages  and  without  mesentery  (or  only  with  rudiments  of  the 
latter,  as  in  Hippocampus,  cfr.  Moreau  (36,  p.  30)).  The  liver  is  not  lobed,  provided 
with  a gall-bladder  lying  in  an  incision  of  its  right  side.  The  aorta  follows  the 
left  side  of  the  vertebral  column.  The  air-bladder  is  present  and  provided  at  its 
anterior  end  with  a “red  gland”.  A urinary  bladder  is  developed.  The  kidneys 
show  peculiarities  hardly  found  in  any  other  Teleosteans.  Such  are  the  complete 
absence  of  Malpighian  corpuscles  (a  feature  only  occurring  also  in  the  related 
genus  Solenostomus),  the  situation  of  the  whole  kidney-substance,  carrying  urinary 
tubules  and  both  urinary  ducts,  on  one  side  of  the  body  cavity,  the  right,  following 
the  strongly  developed  right  cardinal  vein  (the  left  appears  to  be  absent).  Further 
ought  to  be  noted  the  fact,  that  the  pronephros  or  at  any  rate  the  large  pronephric 
corpuscle  and  glomus  and  the  coiled-up  anterior  part  of  the  pronephric  duct,  struc- 
tures so  evident  in  other  teleostean  larvae,  here  appear  to  be  completely  absent  in 
the  newly  hatched  larvae  (from  the  marsupium)  and  never  to  be  developed  later. 
Also  the  simple  structure  of  the  genital  gland  in  the  male,  the  testis  being  tubi- 
form  with  central  canal  (cfr.  Jungersen  23a,  p.  119,  German  translation  p.  203),  is 
a feature  which  among  many  others  shows  that  the  Syngnathids  have  deviated 
strongly  from  a normal  type  and  have  been  highly  specialized'^^. 

* A fact  already  known  in  167.S  to  my  countryman  Ole  Borch  (Olaus  Borrichius)  for  Syngna- 
thus  (3  p.  159). 
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Solenostomidse. 

Solenostomus. 

The  genus  Solenostomus,  founded  in  1803  by  Lacepede  (31,  p.  102),*  has  been 
grouped  with  the  Syngnathidce  since  the  days  of  Cuvier  (9  a,  p.  157),  in  modern 
times  always  as  representing  a distinct  family.  The  species  of  the  genus  seem  al- 
ways to  have  been  rare  in  collections,  a fact  which  explains  that  their  anatomical 
structure  has  never  been  thoroughly  worked  out.  The  only  anatomical  accounts 
known  to  me  are  those  given  by  Pallas  (39,  p.  35)  and  by  Gunther  (16b,  p.  151); 
both  are  very  incomplete  and  contain  some  errors.  Most  authors  have  confined 
themselves  to  renewed  descriptions  of  the  oldest  known  species,  or  besides  to  the 
establishing  on  quite  external  characters  of  a few  (3)  new  ones.  The  material  which 
I have  had  the  opportunity  to  examine  only  contains  two  species;  Sol.  cijanopteriis 
Blk.  and  Sol.  paradoxus  (Pall.),  and  I greatly  doubt  the  existence  of  more  than 
these  two  species.  Of  both  I have  had  at  my  disposal  male  and  female  specimens, 
all  from  Japan.  For  this  most  valuable  material  I am  greatly  indebted  to  Dr. 
Shigeho  Tanaka  and  Mr.  Alan  Owston. 

The  geographical  distribution  is  very  wide,  and  the  two  species  seem  to  occur 
at  the  same  localities;  in  fact  both  S.  paradoxus  and  cyanopterus  have  been  taken 
together  at  Boshu,  Japan  (Jordan  1901),  and  specimens  of  both  species  are  present 
in  my  collection  from  Japan  from  localities  which  are  not  far  from  each  other; 
according  to  Dumeril  both  are  found  at  Mauritius  (Isle  de  France).  **  The  geographical 
range  embraces  the  Indian  Ocean  and  the  western  part  of  the  Pacific,  from  Zanzi- 
bar to  New  Guinea  and  to  the  eastern  coasts  of  Japan.  Inside  this  wide  area  the 
localities  where  specimens  actually  have  been  found  are  rather  few  and  scattered; 
no  captures  at  the  coasts  of  the  continents  or  the  great  islands  have  hitherto  been 
mentioned  (or  at  all  events  distinctly  stated).  All  tbe  localities  known  to  me  from 
tbe  litei'ature  and  from  Museum-specimens,  which  I have  had  the  opportunity  to 
see,  are  the  following:  Zanzibar  (S.  cyanopterus);  Maurilius(S.  cyanopterus  (=  bleekeri), 
S.  paradoxus);  Maldives  {S.  paradoxus);  Amboyna  {S.  paradoxus  {and  “brachyurus”)); 
Ceram, Wahai  ***  (S.  cyanopterus);  New'Guinea  (S.  cyanopterus);  “China”  (S.  cyanopterus) ; 

* The  name  Solenostomm  (1815  altered  by  Rafinesque  to  Solenostoma)  was  originally  used  by 
Klein  1744  for  some  true  Syngnathidce,  later,  17()1,  by  Seba  for  a species  of  the  present  genus,  de- 
scribed in  Thesaurus,  Vol.  3,  p.  106  and  figured  ibid.  PI.  34,  fig.  4.  This  speeies  is  generally  interpreted 
as  identieal  with  Sol.  paradoxus  {Fistularia  paradoxa)  of  Pallas,  which  also  in  my  opinion  is  correct 
(cfr.  for  example  the  shape  of  the  caudal  peduncle). 

’*  if  S.  bleekeri  is  = cyanopterus. 

***  This  locality,  given  by  Bleeker  (2  p.  308)  in  tbe  following  words;  “Habit.  Wahai,  Ceram  sep- 
tentrionalis,  in  mari”,  has  led  to  the  erroneous  conclusion  that  Solen.  cyanopterus  also  occurred  at 
Hawaii,  in  the  Pacific!  We  meet  the  misunderstanding  for  the  first  time  in  Kaup  (25  p.  2),  who  says: 
“Dr.  Bleeker  obtained  his  specimens  in  the  sea  of  Hawaii  and  Ceram”;  later  we  find  it  in  Jordan  and 
Snyder  (22,  p.  4)  and  in  Jordan  and  Evermann  (21  b,  p.  118);  the  latter  say:  “The  only  Hawaiian  reference 
is  that  given  by  Bleeker.  It  is  doubtful  if  the  species  really  occurs  in  these  islands”;  and  in  the 
Synonymy  they  quote  “Bleeker  1854,  Natuurk.  Tijdschr.  Nederl.  Indie,  VI,  p.  507,  Hawaii  and  Ceram”. 
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Boshu  (Awa),  Japan  (S.  cganopterus,  S.  paradoxus)-,  Jogashima,  Japan  {S.  cyanopterus}  -, 
Yenoura,  Japan  [S.  paradoxus)-,  Yodomi,  Japan  {S.  paradoxus  {“leptosoma”)).  All 
the  Japanese  localities  are  from  the  eastern  coast  of  Hondo  near  the  entrance  to 
the  Bay  of  Tokyo.  Regarding  their  hahits  nothing  definite  is  known ; they  most 
likely  occur  among  sea-w'eeds,  probably  in  shallow  w'ater;  in  fact  two  specimens  of 
S.  cyanopterus  Jogashima  kindly  sent  by  Dr.  Tanaka  were  taken  “among  sargassum”. 
The  time  of  breeding  is  unknown;  I may  only  mention  that  a female  S.  paradoxus 
in  my  possession  taken  at  Yenoura,  Suruga  Gulf,  1903,  carried  eggs  with  em- 
bryos and  hatched  embryos  in  the  pouch. 

As  all  current  descriptions  contain  some  more  or  less  grave  errors  I have 
found  it  advisable  to  conclude  my  account  of  the  anatomical  structure  with  a 
revised  definition  of  the  genus  and  of  the  two  species  examined. 

The  following  anatomical  description  has  mainly  been  based  on  specimens  of 
Sol.  cyanopterus-,  the  few'  points  in  w hich  Sol.  paradoxus  differs  are  so  small  and 
insignificant  that  they  can  most  conveniently  be  included  in  the  definition  of  this 
species  as  given  below. 

Before  describing  the  structures  found  by  dissection  I wish  to  point  out  a 
few  features  visible  from  wdthout  which  seem  not  to  have  been  observed  hitherto 
or  at  least  not  to  have  been  noted  in  the  descriptions  or  figures  known  to  me. 

Such  are  the  peculiar  small  cutaneous  prolongations  or  “villi”  scattered  over 
a great  part  or  most  of  the  skin,  also  on  that  of  the  fins.  In  some  specimens  they 
are  all  quite  small  and  difficult  to  see,  in  others  some  of  them  are  at  certain  places 
rather  prominent  and  easily  seen,  showing  a tendency  to  symmetrical  arrangement. 
The  smallest  ones  are  simple,  low  elevations,  or  like  bluntly  conical  warts;  the 
more  developed  are  not  only  larger  but  may  be  more  or  less  branched.  In  male 
specimens  of  S.  cyanopterus  they  are  specially  large  and  frequently  branched  behind 
the  anus,  at  the  posterior  margins  and  on  the  ventral  sides  of  the  “hump”  carrying 
the  anal  and  second  dorsal  fins;  in  some  specimens  in  the  British  Museum  very 
visible  papillae  form  a ring  round  (on)  the  eyeball,  and  these  papillae  seem  always 
to  be  present,  but  often  difficult  to  see.  They  occur  in  both  sexes  and  in  both 
species  examined,*  but  seem  to  be  very  variable  as  to  their  number  and  develop- 
ment (seasonal?  perhaps  more  strongly  developed  at  breeding  time?)^'*.  At  the 
mandibular  symphysis  S.  cyanopterus  has  a w'ell  developed  barbel;  in  spite  of  its 
size  it  has  hitherto  been  overlooked,  most  likely  because  it  is  concealed  betw'een 
the  mandibular  rami.  In  S.  paradoxus  it  seems  less  developed. 

In  addition  to  the  w'ell-known  sexual  difference  shown  by  the  ventral  fins, 

Dumeril  gives  the  name  correctly  (Tib,  p.  498):  “Les  3 indiv.  decrits  par  M.  Bleeker  . . . ont  ete  pris 
dans  la  mer,  a Tile  Wahai  et  au  nord  de  Tile  Ceram”.  Wahai  is  (according  to  Andree’s  and  Stieler’s 
maps)  a town  on  the  north  coast  of  Ceram. 

* In  2 specimens  of  S.  paradoxus  in  the  Brit.  Museum  (a  from  Amboyna,  Dr.  Bleeker’s  collection, 
b from  the  Maldives,  coll.  S.  Gardiner)  I found  them  strongly  developed;  less  visible  on  most  of  the 
specimens  of  S.  cyanopterus,  but  always  distinguishable,  mostly  so  on  spec,  g (from  China,  coll,  by  Sir 
E.  Belcher). 
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another  is  to  be  found  in  the  nasal  organ.  The  triangular  fossa  just  anterior  to 
the  eye,  where  the  nasal  openings  ought  to  be,  shows  in  the  male  its  hind  part 
beset  with  thin  cutaneous  lamellae  radiating  from  beneath  a flap  hanging  down 
from  the  upper  margin  of  the  fossa  (PI.  VII,  fig.  6).  The  lamellae  are  thin,  low  at 
their  upper  end,  enlarged  below  into  projecting  Haps;  they  are  richly  provided 
with  blood-vessels;  in  each  a small  vessel  follows  the  margin  and  breaks  up  into 
a network  in  the  interior.  In  the  female  the  skin  of  the  fossa  is  smooth  and  even. 
Any  real  nasal  openings  I have  not  been  able  to  detect. 

In  the  male  of  Sol.  cyanopteriis  the  height  of  the  snout  at  the  middle  of  its 
length  is  greater  than  in  the  female,  and  the  whole  profile  of  the  anterior  part  of 
the  head  is  different  (cfr.  fig.  6,  PI.  VII).  The  proportions  of  the  height  of  the 
snout  to  its  length  (from  the  front  margin  of  the  eye  to  the  end)  are  in  the  male 
about  as  1 to  3,  in  the  female  ca.  1 to  4.  In  Sol.  paradoxus  there  seems  not  to  be 
any  marked  sexual  difference  in  fhe  form  of  the  snout;  but  the  material  of  this 
species  at  my  disposal  is  too  scanty  and  besides  not  well  enough  preserved  for 
settling  this  point  with  certainty. 

No  lateral  line  canals  are  to  be  found,  neither  on  the  head  nor  on  the  body. 

The  following  measurements  have  been  made  on  5 specimens  of  S.  cyanopterus 
and  2 of  S.  paradoxus.  Of  S.  cyanopterus  specimens  A and  C are  from  Zanzibar, 
kindly  lent  me  from  the  R.  Museum  at  Berlin,  the  others,  S.  paradoxus  included,  are 
from  Japan  (S.  cyanopterus  B and  D from  Jogashima,  E from  Boshu,  Sagami  Sea; 
S.  paradoxus  B from  Yenoura,  Suruga  Gulf). 


Mm. 

Solenostomus 

cyanopterus 

S.  paradoxus 

d A 

d B 

9 C 

?D 

9 E 

cf  A 

9 B 

From  snout  to  end  of  caudal  fin 

96 

105 

109 

92 

125 

61 

94 

„ „ „ end  of  tail  

65 

71 

81 

65 

95 

46 

68 

„ » » nape  

29 

30 

33 

27 

38 

19 

26 

„ n « front  margin  of  eye  

22 

21 

26 

20 

29 

15 

19 

Height  of  snout  at  its  middle 

8 

8 

7 

5,5 

7-8 

2 

3(2,8) 

From  foremost  caudal  fin-ray  to  end  of  caudal  fin 

36 

.41 

32 

30 

32 

17 

28 

Length  of  ventral  fin  

20 

20 

22 

18 

31 

10 

17 

Height  of  first  dorsal  fin 

17 

17 

17 

15 

20 

11  — 12 

15 

Greatest  height  of  thorax,  between  Di  and  V 

13,5 

13 

16,5 

14 

22 

9 

10 

Height  of  narrowest  part  of  body  

6 

6 

6 

6(5,8) 

7 

3 

4 

„ between  Dj  and  A 

10 

12 

13 

10 

16 

6—7 

7 

Length  of  tail,  from  anus 

8 

14 

15 

14 

17 

10 

15 

„ of  vertebral  column  

40 

42 

45 

40 

55 

27 

1 

o 

From  gill-slit  to  anal  opening 

21 

27 

30 

24 

38 

16-17 

26 

Exoskeleton. 

The  dermal  skeleton  (PI.  VII,  fig.  6)  is  composed  of  large  ossifications  arranged 
in  transverse  and  longitudinal  series,  leaving  large  interspaces  of  naked  skin.  The 
shape  and  arrangement  as  well  as  the  number  of  these  ossifications  are  almost  the 
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same  in  both  species.  Only  on  the  high  part  of  the  body,  anterior  to  the  first 
dorsal  and  the  ventrals,  do  unpaired  ossifications  occur,  a row  of  5 scutes  forming 
an  uninterrupted  keel  along  the  median  dorsal  line,  while  another,  but  interrupted, 
series,  composed  of  4 (exceptionally  5 or  3)  median  scutes,  is  found  along  the  ven- 
tral margin.  The  members  of  the  dorsal  row  are  more  or  less  cruciform,  their 
longitudinal  stems  suturally  united  together,  their  transverse  branches  — except 
that  of  the  first  — united  to  the  uppermost  members  of  each  of  the  paired  trans- 
verse series.  The  scutes  composing  the  latter  are  star-like,  their  branches  mostly 
joined  together,  thus  forming  a kind  of  meshwork;  the  ventral  members  meet 
their  fellows  from  the  other  side  or  are  firmly  united  to  the  median  unpaired  ven- 
tral scutes.  In  this  way  the  whole  forepart,  anterior  to  the  fins,  is  apparently 
made  immovable,  forming  a kind  of  “thorax”.  Of  the  transverse  rows  on  each 
side  of  the  “thorax”,  3 behind  the  pectoral  are  most  regular;  in  front  of  the  pect- 
oral the  clavicle  (cl)  enters  between  the  dermal  ossicles,  and  the  arrangement  ap- 
pears less  regular.  The  hindmost  of  the  3 regular  series  consists  of  6 members, 
the  ventral  of  which  is  joined  to  the  posterior  median  scute  (No.  IV);  the  upper 
4 are  not  connected  with  the  next  row  in  front.  This  row  contains  4 scutes,  the 
ventral  of  which  is  joined  to  the  median  scutes  II  and  III.  All  4 members  are 
connected  with  the  4 forming  the  next  transverse  row;  the  ventral  scute  of  this 
row  meets  its  fellow  from  the  opposite  side  and  moreover  joins  the  unpaired  scute 
No.  II ; the  second  upper  one  is  connected  with  a branch  of  the  clavicle.  The  next 
transverse  row  just  in  front  of  the  pectoral  also  contains  4 dermal  scutes;  the  ven- 
tral joins  its  fellow  from  the  opposite  side;  between  the  uppermost  and  the  second 
upper  enters  the  clavicle,  combining  through  a separate  process  with  each.  No 
more  complete  transverse  series  are  to  be  found,  the  shoulder  girdle  forming  the 
greater  part  of  the  skeleton  at  the  anterior  border  of  the  body;  only  ventral  der- 
mal scutes  are  present  corresponding  to  the  ventral  members  of  the  transverse 
rows.  The  foremost  pair  always  meet  in  the  ventral  median  line,  while  behind 
them  is  interposed,  between  the  next  pair,  the  foremost  unpaired  scute  I.  Compar- 
ing several  individuals  some  minor  irregularities  may  be  found  in  this  region, 
while  the  more  complete  transverse  series  always  seem  to  be  identical  as  to 
arrangement  and  number. 

Behind  the  thorax,  on  the  slender  part  of  the  body  and  on  the  tail,  an  ar- 
rangement of  the  dermal  scutes  in  vertical  transverse  rows  is  more  or  less  pro- 
nounced, but  in  accordance  with  the  greater  mobility  of  this  part  the  connections 
between  the  component  members  are  partly  dissolved,  and  no  unpaired  median 
scutes  are  found  nor  any  junction  between  the  scutes  of  the  opposite  sides  at  the 
margins  of  the  body.  Apart  from  the  higher,  hump-like,  part  carrying  the  second 
dorsal  and  the  anal  each  transverse  row  is  composed  of  2 or  3 members,  rows  of  3 
alternating  — but  not  quit  eregularly  — with  rows  of  2.  In  some  of  the  3-membered 
rows  the  members  may  be  more  firmly  connected,  in  others  only  loosely  or  not  at 
all,  and  the  rows  do  not  always  correspond  on  both  sides;  that  is  to  say,  the  same 
row  which  on  the  right  side  consists  of  3 members  may  on  the  left  only  possess 
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two,  and  vice  versa.  At  the  end  of  the  tail  the  rows  are  often  incomplete,  lacking 
upper  or  lower  members.  On  the  “hump”  3 large,  anchor-shaped,  marginal  scutes 
are  developed,  reaching  from  the  base  of  the  second  dorsal  and  the  anal  to  the 
nearest  members  of  the  ordinary  rows,  being  joined  to  these  or  interposed  between 
them ; thus,  on  this  part  of  the  tail,  transverse  rows  of  5 or  4 members  are  found, 
and  probably  a certain  amount  of  stiffness  is  acquired  in  this  way.  Sometimes 
only  the  dorsal  set  is  firmly  connected  with  the  neighbouring  upper  scute,  while  the 
ventral  set  is  interposed  between  the  corresponding  lower  ones,  sometimes  the 
reverse  is  the  case,  and  in  some  specimens  both  sets  are  firmly  connected.  In 
one  (female)  specimen  of  S.  paradoxus  4 anal  marginal  scutes  occur  instead  of  3. 

Setting  aside  the  marginal  scutes  of  the  “hump”  the  other  scutes  might  as  well 
be  described  as  longitudinally  arranged  in  3 lateral  rows*,  an  upper,  a median,  com- 
posed of  fewer  but  larger  members,  and  a lower.  The  number  of  scutes  in  the  upper 
and  lower  longitudinal  rows  generally  differ  slightly,  the  one  having  one  or  two  more 
than  the  other,  and  generally  the  number  is  not  quite  the  same  on  both  sides;  the 
latter  is  also  the  case  with  the  median  row  (comp,  the  table  below,  where  the  numbers 
are  given).  The  shape  of  the  scutes  is  more  or  less  that  of  a star,  with  4 or  3 branches. 
All  the  dermal  scutes  are  provided  with  keels,  most  prominent  in  S.  paradoxus,  here 
producing  a spiny  aspect  especially  on  the  slender  part  of  the  body  and  on  the  tail. 

The  total  number  of  transverse  rows  behind  the  pectorals,  which  naturally  is 
the  same  as  that  of  plates  in  the  upper  and  lower  longitudinal  rows  of  body  and  tail,  is 
for  S.  cyanopteriis  28  — 30,  for  S.  paradoxus  29—33  (for  details  comp,  the  table  below). 


Number  of  dermal  scutes. 


Narrow  part  of  trunk  -|-  tail 

Total  number  of 
transverse  rows, 
including  tbe  4 on 
“thorax” 

Median 

lateral  row 

! uppei 
lower 

left  side 

right  side 

left  side  right  side 

left  side 

right  side 

S.  cyanopteriis 

26  26 

A d 

13 

13 

26  26 

30 

30 

26  26 

B d 

13 

14 

24  25 

30  (28) 

30  (29) 

25  25 

C 9 

12 

13 

24  24 

29  (28) 

29  (28) 

25  25 

D 9 

13 

11 

25  25 

29 

29 

24  25 

E 9 

15 

15 

24  24 

28 

29  (28) 

S.  paradoxus 

! 

28  j 26 

A d 

13 

13 

25  28 

32  (29) 

30  (32) 

28  29 

B 9 

20 

21 

28  1 28 

32 

33  (32) 

* Gunther  (16  b,  p.  151)  only  counts  2 rows;  probably  a misprint  or  a lapsus  calami,  since  pre- 
viously (42,  p.  137)  be  gave  tbe  number  correctly  as  3. 
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Endoskeleton. 

The  vertebral  column  (PI.  Vll,  fig.  3)  is  composed  of  33  vertehrse,  19  ab- 
dominal and  14  caudal.  Ribs  are  wanting.  The  3 anterior  vertebice  are  sutur- 
ally  united,  the  remaining  only  connected  by  means  of  the  corpora,  no  articular 
processes  being  developed. 

The  5 anterior  vertebrae  are  larger  and  stouter  than  the  rest,  especially  the 
2nd  and  3rd  are  large;  from  the  6th  the  vertebrae  decrease  in  size  backwards,  only 
the  last  being  again  somewhat  enlarged  and  together  with  the  last  but  one 
expanded  into  a large  vertical  plate  supporting  the  rays  of  the  caudal  fin. 

Strong  anterior  articular  processes  on  the  1st  vertebra  overlap  corresponding 
processes  on  the  exoccipitals,  allowing  the  skull  to  be  moved  vertically.  The  ten- 
dons for  the  muscles  which  raise  the  head  are  ossified  (as  in  Fistiilaria,  Aulosloma, 
Nerophis  ophidian),  forming  on  each  side  a large  flat  bone,  in  front  fastened  to  the 
epiotic,  behind  dissolving  into  numerous  fine  threads  (PI.  Ill,  fig.  lOtd).  Posteriorly 
the  1st  vertebra  is  immovably  joined  to  the  2nd  by  means  of  strong  denticulations, 
and  in  the  same  way  the  second  joins  the  third.  Spinous  processes  are  devel- 
oped on  all  the  vei'tebr®.  Transverse  processes  are  wanting  on  the  anterior  4 
and  only  indicated  on  the  5th;  from  the  6th  on  all  the  remaining  abdominal 
vertebrae  show  a well-developed  transverse  process,  increasing  in  size  backwards 
and  becoming  more  and  more  directed  downwards;  on  the  first  caudal  it  joins 
its  fellow  from  the  opposite  side  forming  a strong  laterally  compressed  inferior  spine. 
No  “secondary”  transverse  processes  occur  on  any  of  the  vertebrae. 

The  superior  and  inferior  spinous  processes  on  the  9lh  or  in  another  speci- 
men the  10th  caudal  (the  28th  or  29lh  vertebrae)  are  almost  vertical,  those  on  the 
following  inclined  or  bent  forwards;  this  position  is  apparently  due  to  the  extreme 
development  of  the  parts  supporting  the  caudal  fin.  On  most  of  the  vertebrae  a 
process  occurs  from  the  base  of  the  neural  arch  behind  the  spinous  process  and 
a similar  one  ventrally  in  the  corresponding  position  (i.  e. : on  the  abdominal  ver- 
tebrae behind  the  transverse  process,  on  the  caudal  behind  the  inferior  arch).  On 
the  penultimate  caudal  vertebra  these  processes  are  fused  with  their  fellows  from 
the  opposite  side,  distally  expanding  into  a large,  laterally  compressed  plate.  Pro- 
bably the  still  larger  plate  surrounding  the  last  vertebra  is  made  up  of  corre- 
sponding elements  fused  with  the  true  upper  and  lower  spines  and  the  hypurals. 
To  elucidate  the  exact  composition  of  this  ray-supporting  apparatus  an  examination 
of  sufficiently  young  specimens  would  be  necessary.  That  the  extraordinarily  large 
size  of  the  caudal  plate  is  caused  by  the  great  development  of  the  fin  is  very  evi- 
dent and  needs  no  further  explanation. 

If  we  compare  the  vertebral  column  with  that  of  the  Syngnathidje  the  chief 
points  of  resemblance  seem  to  be  the  intimate  connection  of  the  3 anterior  verte- 
brae and  the  absence  of  articulations  between  the  neural  arches  of  all  the  other 
vertebrae;  in  general  shape  there  are  no  obvious  resemblances,  neither  with  the 
Syngnathidae  nor  with  Fistularia,  Aiilostoma  or  Centriscida-. 

I),  K.  I).  Vidensk.  Selsk.  Skr.,  7.  Rtekke,  nalurvidensk.  og' niatlJCMH.  Al'd.  VIII.  5. 
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As  the  muscles  for  the  second  dorsal  (and  the  anal)  do  not  show  any  parti- 
cular development  and  as  correspondingly  no  muscular  processes  on  the  vertebra' 
supporting  these  fins  are  present  either,  we  are  justified  in  supposing  that  these  fins 
are  not  used  for  locomotion  in  the  way  characteristic  for  the  Syngnathida' 

The  interspinoiis  hones  of  the  first  dorsal  fm  are  unisegmented,  5 in 
number.  The  first  is  broad  and  stout,  its  lower  end  bifurcated,  in  one  specimen 
skirting  over  the  tip  of  the  spinous  process  on  the  6th  vertebra;  the  anterior 
branch  forms  a broad  plate,  the  front  margin  of  which  seems  firmly  connected  at 
its  lower  extremity  with  the  underside  of  the  5th  median  dermal  scute;  the  post- 
erior branch  is  narrow  but  fairly  strong;  together  with  it  the  following  3 inter- 
spinous  bones  are  enclosed  in  the  space  between  the  spinous  processes  of  the  6th 
and  7th  vertebrie,  closely  packed  together;  the  fifth  interneural  is  a short  broad 
plate,  firmly  embraced  by  the  bifurcated  tip  of  the  8th  vertebral  spine.  Thus  the 
supporting  apparatus  for  the  large  rays  of  the  first  dorsal  is  in  this  way  consider- 
ably strengthened. 

The  interspinoiis  bones  of  the  second  dorsal  and  the  anal  are  hisegmented, 
the  distal  segment  being  only  represented  by  a cartilaginous  nodule,  very  much  like 
lliat  of  the  SyngnathidiE. 

The  second  dorsal  fin  is  supported  by  17  interspinous  hones.  Distally  the  Isl 
is  laterally  compressed,  llattened  out  into  a plate  supporting  the  anterior  corner  of 
the  dorsal  “hump”;  in  a similar  way  the  posterior  corner  of  the  hump  is  strength- 
ened by  an  expansion  formed  by  the  fusion  of  the  distal  parts  of  the  2 or  3 hind- 
most interneurals.  The  3 anterior  are  enclosed  in  the  space  between  the  spinous 
processes  of  the  1st  and  2nd  caudal  vertebrae,  the  following  3 or  4 between  the  2nd 
and  3rd,  next  3 or  4 between  the  3rd  and  4th,  then  4 or  5 between  the  4th  and  5th, 
and  finally  2 or  3 behind  the  latter.  There  are  no  connections  with  the  marginal 
scutes  of  the  dermal  skeleton,  consequently  the  bony  expansions  at  the  distal  end 
of  these  interneurals  characteristic  for  the  Syngnathidae  are  not  developed  here. 

Those  of  the  anal  fin  are  likewise  17  or  16,  the  anterior  2 distally  fused  to- 
gether, and  the  same  is  the  case  with  the  posterior  3 or  2.  The  first  is  situated  in 
front  of  the  inferior  spine  of  the  first  caudal;  the  following  interspace  encloses  3, 
the  next  3 each  have  4,  and  the  last  very  short  one  lies  behind  the  inferior  spine  of 
the  5th  caudal. 

The  5 fin-rays  of  the  first  dorsal  are  strong  and  long,  pointed,  without  any 
longitudinal  or  transverse  division;  they  are  to  he  regarded  as  spinous  rays. 

The  number  of  rays  in  the  2nd  dorsal  and  the  anal  (in  the  specimens 
examined  by  me)  is  18 — 20  in  Sol.  cyanopteriis,  21 — 22  in  S.  paradoxus  (comp,  the 
tab.  p.  322  [56]);  that  of  the  caudal  fin  always  16.  The  fin-rays  of  the  2nd  dorsal 
and  of  the  anal  are  feeble,  unbranched  but  ending  in  a bundle  of  extremely  fine 
threads;  the  distal  part  of  most  of  them  is  transversely  jointed,  only  some  of  the 
anterior  are  without  joints.  The  caudal  rays  are  comparatively  strong,  the  median 
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and  longest  less  strong;  all  are  simple,  unbranched,  evenly  tapering  and  pointed; 
viewed  under  a microscope  their  distal  part  appears  longitudinally  divided,  but  the 
two  halves  are  tightly  adpressed;  no  joints  (or  only  a few  and  indistinct  traces) 
are  to  be  seen'-^’’. 

The  cranial  skeleton.  In  general  appearance  the  head  resembles  that  of 
a Syngnathid.  In  proportion  to  the  brain-case  the  snout  part  is  extremely  prolonged 
and  strongly  compressed  laterally.  As  in  Syngnathids  the  quadrato-mandibular 
articulation  is  situated  almost  below  the  front  end  of  the  vomer,  thus  the  position 
of  the  mandible  when  the  mouth  is  closed  is  almost  vertical  (opposite  to  the  case 
in  Fistularia,  Aulostonia  and  Centrisciis,  but  agreeing  wdth  Amphisile,  Siphonostoma 
etc.).  On  the  upper  side  of  the  skull  3 crests  are  observed,  one  median,  shorter, 
on  the  supraoccipital,  and  2 lateral,  longer,  beginning  at  the  hind  margin  of  the 
epiotics,  running  forwards  on  the  frontals,  rising  in  height  over  the  orbits  and 
from  here  converging  towards  the  mesethmoid,  where  they  merge  into  one  sharp 
edge  just  above  the  anterior  ends  of  the  nasal  fossae.  The  crests  are  (or  may  be) 
finely  denticulated  (especially  in  S.  paradoxus). 

The  supraoccipital  joins  the  frontals;  parietals  (and  opisthotics)  are 
absent. 

The  epiotic  is  large;  just  below  the  posterior  end  of  the  crest  mentioned  above 
an  ossified  tendon  for  the  strong  nuchal  muscles  is  fastened  (cfr.  p.  315  [49]),  and 
below  this  bone  the  epiotic  is  connected  with  the  upper  fork  of  the  posttemporal 
(pt).  The  exoccipital  carries  a lateral  process  for  connection  with  the  articular 
process  of  the  first  vertebra;  both  exoccipitals  meet  above  the  occipital  foramen. 
The  articular  face  of  the  basioccipital  is  concave,  obli([ue  in  position,  sloping  from 
behind  forwards  and  downwards.  On  the  lower  face  of  the  skull  the  basioccipital 
is  laterally  expanded  (above  the  parasphenoid)  and  in  front  separated  from  the 
prootic  by  a narrow  cartilage  (as  in  Sijngnathiis).  The  pterotic  (sq)  is  large,  reach- 
ing the  basioccipital  below  and  tlius  intervening  between  the  exoccipital  and  the 
prootic  Posteriorly  the  pterotic  carries  a crest,  connected  with  the  lower  fork  of 
the  posttemporal;  in  front  it  forms  together  with  the  prootic  the  posterior  articular 
face  for  the  hyomandibular,  while  the  anterior  articular  face  belongs  to  the  prootic 
and  postfrontal. 

The  greater  part  of  the  cranial  “beak”  belongs  to  the  mesethmoid.  This 
bone  embraces  most  of  the  nasal  fossa,  forming  the  greater  part  of  its  roof  and 
lloor  and  its  whole  median  wall,  while  the  rest  of  the  fossa  is  bounded  by  the 
frontal  and  prefrontal.  Just  in  front  of  the  nasal  fossa  the  mesethmoid  carries  a 
strong  lateral  spine,  which  may  be  more  or  less  branched,  and  seems  most  strongly 
developed  in  S.  paradoxus. 

The  vomer  (vo)  is  short  in  proportion  to  the  mesethmoid,  laterally  compres- 
sed towards  its  front  end.  As  in  Syngnatluis  a small  rounded  rostral  cartilage  is 
present.  The  posterior  end  of  the  vomer  underlies  only  the  foremost  part  of  the 
mesethmoid,  reaching  behind  about  to  tbe  level  of  the  oblique  suture  between  the 
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quadrate  and  the  symplectic,  ending  lar  in  front  of  the  parasphenoid.  The  anterior 
end  of  the  parasphenoid  is  found  at  a level  with  the  middle  of  the  nasal  fossa. 
Thus  a large  part  of  the  lower  face  of  the  mesethmoid  intervenes  between  the 
vomer  and  parasphenoid  forming  alone  the  roof  of  the  mouth-tube  as  in  Fistularia 
and  Aiilostoma;  this  part  of  the  mesethmoid  is  excavated  below,  with  projecting 
margins,  to  which  the  suspensory  bones  (entopterygoid  and  mainly  the  symplectic 
(sy))  are  fastened.  The  parasphenoid  forms  an  obtuse  angle  below  the  posterior 
margin  of  the  orbit  and  reaches  along  the  prootics  and  basioccipital  almost  to  the 
articular  condyle  of  the  latter.  At  the  posterior  orbital  wall  the  parasphenoid 
sends  out  an  ascending  process  to  meet  the  front  part  of  the  prootic  and  the  ali- 
sphenoid.  Between  this  process  and  its  fellow  from  the  opposite  side  the  upper 
face  is  somewhat  hollowed  for  the  attachment  of  the  inferior  musculi  recti  of  the 
eye.  As  far  as  I could  make  out  no  bridging  over  of  this  muscular  fossa  by  the 
prootics  or  alisphenoids  is  found,  and  consequently  no  “myodoma”  is  developed. 
The  alisphenoid  is  fairly  large,  forming  part  of  the  orbital  wall  between  the  frontal, 
postfrontal,  prootic  and  ascending  process  of  the  parasphenoid. 

The  intermaxilla  (i)  has  a distinct  hut  small  ascending  part  connected  with 
the  rostral  cartilage;  the  maxilla  (mx)  is  relatively  large,  as  usual  connected 
with  the  vomer  and  rostral  cartilage  and  with  the  maxillary  process  of  the  palatine. 
The  loxver  jaw'  (PI.  VI,  fig.  G)  seems  only  to  he  composed  of  the  articular  (ar)  and 
the  (edentulous)  dental  (d);  a separate  angular  I have  not  been  able  to  make  out. 

The  hyomandihular  (PI.  VII,  fig.  3 hy)  is  short,  comparatively  slender;  its  outer 
face  joining  the  preo])erculum  is  sculptured,  its  inner  face  anteriorly  drawn  out 
into  a slight  ala;  its  lower  end  is  cartilaginous  and  joins  the  hind  end  of  the 
horizontal  symplectic  (sy).  The  latter  forms  a long  and  high  plate,  the  upper 
margin  of  which  joins  the  mesethmoid,  the  lower  margin  is  thickened  and  con- 
tains a cartilaginous  axis;  the  bifurcation  characteristic  for  the  Syngnathids  is  ab- 
sent here.  Anteriorly  it  joins  the  quadrate  in  a long  oblique  suture,  and  its  upper 
anterior  point  overlaps  sulurally  the  posterior  end  of  the  entopterygoid  (ept).  As  in 
Syngnathids  the  inetapterygoid  is  w'anting.  The  entopterygoid  is  a narrow  lamella, 
joining  the  ectopterygoid  (ect)  anteriorly  in  a short  suture.  The  latter  is  sabre- 
shaped, joining  the  anterior  thickened  margin  of  the  quadrate  in  a long  suture, 
and  in  a short  sutui’e  connecting  with  the  palatine  (pa);  this  hone  is  short  and 
stout,  giving  off  as  usual  a short,  diverging  maxillary  process.  The  quadrate  (qu) 
is  long  and  high,  its  anterior  margin  almost  vertical  (thus  in  position  intermediate 
between  that  in  Fistularia  and  Aiilostoma  on  the  one  side  and  Syngnathids  on  the 
other);  the  upper  margin  in  front  touches  the  entopterygoid,  but  apart  from  this 
a narrow  membranous  strip  intervenes  between  these  bones  as  a feeble  indication 
of  the  large  interspace  found  in  Syngnatlius;  the  outer  face  is  very  slightly  convex 
with  a longitudinal  (denticulated)  crest  running  towards  the  articular  head  for  the 
mandible  and  continuing  a similar  crest  along  the  preoperculum. 

The  ascending  part  of  the  preoperculum  (pro)  is  short,  slightly  oblique,  its 
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anterior  margin  embracing  the  origin  of  the  cheek-muscle;  the  long  horizontal  part 
joins  the  quadrate  in  an  oblique  suture,  a little  past  the  middle  of  the  snout;  with 
the  lower  part  of  the  symplectic  it  connects  through  a rounded  crest  running  on 
the  inner  face  along  the  upper  margin.  A reticulated  sculpture  adorns  the  outer 
face  of  the  preoperculum  as  well  as  that  of  the  quadrate,  entopterygoid  and  sym- 
plectic; the  more  prominent  crests  are  finely  denticulated-'’. 

Three  opercular  bones  are  present  as  usual  -'.  The  operculum  (PI.  VII, 
fig.  0 o)  is  large,  somewhat  fan-shaped,  the  surface  reticulated  and  carrying  3 crests 
radiating  from  the  upper  muscular  process,  the  uppermost  one  following  the  upper 
margin.  The  suhoperculum  (s)  is  a long  and  extremely  narrow  bone,  almost  bristle- 
like, posteriorly  tapering;  keeping  at  some  distance  from  the  operculum  it  curves  round 
the  anterior,  lower  and  posterior  margins  of  the  latter.  It  has  hitherto  apparently 
been  mistaken  for  one  of  the  branchiostegals.  The  interoperculum  is  disconnected 
from  the  suhoperculum  and  situated  on  the  inner  face  of  the  preoperculum,  forming 
a very  thin  lamella,  as  usual  connected  by  ligament  with  the  mandible. 

Nasals  and  i n f r a o r b i t a 1 s are  completely  wanting,  and  no  lateral-line 
canals  are  to  be  found  in  the  preoperculum  or  in  any  other  bones  of  the  skull. 

The  hyoid  (PI.  VI,  fig.  2,  3)  is  very  unlike  that  of  the  true  Lophobranchiates, 
being  here  complete,  composed  of  all  the  typical  parts:  2 h5'pohyals  (hy*,  hy^^), 
small  on  the  outer  aspect  (fig.  2),  a long  ceratohyal  (ch),  a short  epihyal  (eh),  and  a 
very  short  stylohyal  (st);  the  latter  carries  on  its  outer  face  a long  horizontal  process 
pointing  forwards  and  lodged  into  a fossa  on  the  inner  side  of  the  preoperculum. 
On  the  inner  face  of  the  hyoid  (fig.  3)  both  hypoliyals  — especially  the  lower  — 
are  produced  into  long  processes  covering  the  anterior  part  of  the  ceratohyal. 

The  urohyal  (PI.  VII,  fig.  3 u)  is  long  and  slender,  posteriorly  cleft  into  2 
long  branches,  the  left  again  bifurcating.  Only  one  bra  n c hi o s t ega  1 (r)  is  present, 
fixed  along  the  outer  face  of  the  epihyal  and  ceratohyal.  The  single  stem  is  soon 
bent  at  an  open  angle  and  then  divides  into  two  slender  branches,  the  lower  of 
which  is  much  longer  than  the  upper  and  following  the  equally  slender  suboper- 
culum curves  round  the  operculum  about  to  the  upper  end  of  the  gill-slit^''. 

The  branchial  skeleton  (PI.  VI,  fig.  9)  is  reduced  and  rudinienfary,  even 
more  than  is  the  case  in  the  SyngnathidcB.  All  unpaired  elements  — glossohyal 
and  basibranchials  (copulse)  are  wanting,  and  there  are  no  traces  of  gill-rakers. 
On  the  other  hand,  teeth  are  present  on  the  lower  and  upper  pharyngeals.  The 
first  gill-arch  consists  of  two  slender  bones  about  of  equal  length,  connected  through 
an  undivided  cartilage;  they  represent  the  hypobranchial  and  ceratobranchial.  The 
second  arch  consists  of  three  or  four  parts;  a rather  long  hypobranchial,  connected 
by  undivided  cartilage  with  the  ceratobranchial,  and  a very  small,  rudimentary 
epibranchial,  cai’rying  a single  tooth;  this  part  may  he  absent;  in  the  specimen 
figured  it  is  developed  only  on  the  right  side ; the  fourth  part,  the  pharyngo- 
branchial,  is  widely  separated  from  the  rest,  united  to  the  pharyngeal  belonging  to 
the  third  arch.  Of  the  third  arch  the  hypobranchial  is  wanting,  as  in  the  Syngna- 
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Ihiikv;  the  remaining  three  (or  two)  parts  being  tlie  ceratobranchial,  a rudimentary 
epibranchial  (the  latter  sometimes  absent)  with  two  teeth,  and,  wideh'  separated 
from  the  rest,  the  pharyngobranchial.  The  fourth  and  fifth  arches  only  consist  of 
the  ceratobranchial,  that  of  the  fifth  — the  “lower  pharyngeal”  — expands  into  a 
narrow  plate  carrying  a number  of  pointed  teeth. 

The  two  „upper  pharyngeals"  (PI.  VI,  fig.  7,  8)  are  joined  end  to  end,  and  on 
the  ventral  face  each  expands  into  a tooth-bearing  lamella  with  its  margin  dorsally 
enrolled;  they  are  — as  already  stated  — widely  separated  from  the  other  parts 
of  the  branchial  skeleton,  but  the  rows  of  gills  are  continued  almost  to  their 
posterior  end,  on  the  jiharyngeal  membrane.  A comparison  with  the  Sijngnathidw 
and  with  Fistiilaria  and  Aulostoma  tends  to  show  that  these  two  pharyngobranchials 
really  belong  to  the  second  and  third  arches,  as  stated  above. 

In  tabular  form  the  main  features  of  the  branchial  skeleton  would  be: 
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Compared  with  the  other  genera.  Hippocampus  (PI.  Vi,  Mg.  11)  would  be  the 
one,  which  in  construction  of  the  gill-apparatus  is  the  nearest  to  Solenostomiis. 

The  shoulder-girdle  (PI.  VII,  Mgs.  3,  4,  5).  The  clavicular  arch  is  composed 
of  3 parts:  the  postlemporal  (pt;  su|)raclavicular  I),  the  sujjraclavicular  (II)  (scl) 
and  the  clavicular  (cl);  as  in  Syngnathids  the  postclavicular  is  wanting.  The  post- 
temporal does  not  form  paid  of  the  skull,  as  is  the  case  in  Syngnathids;  seen  from 
the  outer  side  (PI.  VII,  Mgs.  3,  5)  it  appears  bifurcated,  the  upper  branch  suturally 
united  to  the  epiotic  (ep),  the  lower  one  to  the  pterotic  (sq) ; from  the  inner  face 
a process  combines  with  the  exoccipital.  With  its  hind  end  articulates  the  upper 
end  of  the  slender  and  fairly  long  supraclavicle  (scl),  which  in  turn  is  articulated 
on  the  outer  face  of  the  ujjper  end  of  the  clavicle.  The  clavicle  (cl)  resembles  to 
a certain  degree  that  of  the  Syngnathids;  the  two  processes  p and  p'  combining 
with  the  dermal  plates,  the  first  behind,  the  latter  in  front  of  the  pectoral  Mn,  are 
easily  recognisable  as  homologous  to  the  parts  in  Siphonostoma  or  Hippocampus 
lettered  in  the  same  way  in  Mgs.  2,  3 and  7,  PI.  Ill ; hut  a great  difference  is  apparent 
in  the  fact,  that  in  Soleuostomus  no  connection  between  the  clavicle  and  the 
anterior  vertebral  has  been  established;  the  great  anterior  expansion  of  the  clavi- 
cula  used  for  this  connection  in  Syngnathids  is  therefore  absent  here,  the  corre.s- 
ponding  part  only  being  used  for  connection  with  the  supraclavicle.  In  this  point 
some  resemblance  to  Fistularia  is  apparent;  and  the  lower  part  of  the  clavicle 
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resembles  that  of  Fistiilaria  still  more,  as  it  divides  into  an  outer  (anterior)  larger  (o), 
and  an  inner  (posterior)  narrower  branch  (i).  To  the  latter  is  joined  the  greater 
part  of  the  scapular  arch,  only  the  lower  anterior  end  of  the  coracoid  being  con- 
nected with  the  outer  hranch;  thus  a large  opening  is  surrounded  by  the  clavicle 
and  the  coracoid.  In  Aulostoma  the  corresponding  opening  is  reduced  to  a mere 
hole  througli  the  enlargement  of  the  anterior  part  of  the  coracoid ; in  the  Syngna- 
thids,  on  the  other  hand,  the  same  space  is  open  ventrally  (only  closed  with 
the  dermal  skeleton)  because  the  coracoid  here  has  not  developed  any  anterior 
process. 

The  scapular  arch  (PI.  VII,  ligs.  4,  5),  while  in  general  shape  recalling  that 
of  Syngnathids,  is  in  some  respects  intermediate  between  this  and  that  of  Aulosto- 
mids,  especially  of  Fistiilaria.  The  unossilied,  cartilaginous  part  of  the  arch  is 
proportionally  much  smaller  than  in  S3mgnathids,  not  veiw  much  greater  than  in 
Fistularia.  As  in  the  Syngnathids  the  scapula  (sc)  is  very  small,  at  first  sight 
appearing  like  a pterygial,  but  the  scapular  foramen  is  restricted  to  the  scapular 
region;  this  foramen  is  narrow,  vertically  elliptic,  hounded  hy  the  scapula  and 
part  of  the  clavicle.  The  latter  condition  might  he  derived  from  that  found  in 
Fistiilaria,  if  we  suppose  the  thin  cartilaginous  anterior  part  of  the  scapula  in  the 
latter  to  have  been  suppressed  in  Solenostonuis. 

The  coracoid  (co)  is  the  largest  bone  of  the  arch;  its  slender  anterior  branch 
is  tipped  with  cartilage,  firmly  connected  with  the  outer  hranch  of  the  clavicle; 
its  lower  posterior  angle  is  drawn  out  into  a process  (co')  apparently  corresponding 
to  that  lettered  in  the  same  way  in  the  other  genera.  The  4 pterygials  (hasals)  (ha) 
are  rather  large,  resembling  those  in  Syngnathids,  being  lateralh'  compressed,  in 
their  middle  constricted  into  a narrow  stalk;  distallj'  their  cartilaginous  ends  are 
confluent,  forming  one  continuous  semicircle,  the  upper  part  of  which  belongs  to 
the  scapula.  The  outer  face  of  this  semicircular  cartilage  is  even,  hut  the  inner 
(medial)  face  (fig.  4)  is  provided  with  a numher  of  elevations  or  columns  between 
which  the  tendons  from  the  medial  muscles  to  the  tin  rays  are  guided.  Ligaments 
passing  from  one  to  another  of  these  columns,  and  the  skin  connecting  with  their 
distal  ends,  convert  the  fos.sse  between  them  into  I'egular  holes  for  the  tendons. 
Thus,  only  the  inner  faces  of  the  pterygials  show  structures  (cartilaginous)  com- 
parable to  the  peculiar  osseous  excrescences  occurring  on  both  faces  of  the  pterygials 
in  Syngnathids.  Of  the  4 pterygials  the  lowermost  is  by  far  the  largest,  as  also  is 
the  case  in  all  the  other  genera^". 

The  base  of  each  of  the  feebly  ossified  fin-rays  embraces  a separate  small 
nodular  cartilage,  which  b^'  means  of  a saddle-shaped  face  plays  on  the  convex 
margin  of  the  combined  pterygial  (and  scapular)  cartilage;  quite  as  in  Syngnathids. 
Most  of  the  fin-rays  — some  of  the  superior  and  inferior  only  being  excepted  — 
are  jointed;  all  are  unbranched,  the  distal  ends  forming  a bundle  of  extremely 
fine  threads. 

The  ventrals  are  almost  vertical  in  position,  with  that  face  outwards  which 
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in  most  fishes  is  turned  towards  the  belly.  Accordingly,  the  pubic  bones  (PI.  VII, 
tig.  3 p)  are  not  lying  flat  but  stand  upright.  Those  margins,  which  are  usually 
as  inner  margins  in  contact,  are  here  not  only  free  of  each  other  but  diverge, 
pointing  upwards  and  outwards;  whereas  those  margins,  which  are  usually  the 
outer  margins  and  diverge,  here  converge  and  (nearly)  meet  ventrally.  Each  pubic 
bone  forms  a large  erect  plate  somewhat  inclined  from  tbe  mid -ventral  line 
towards  the  lateral  body  wall;  it  is  thick  behind  wdiere  the  ventral  rays  are 
attached,  extremely  thin  at  the  upper  and  anterior  margins.  The  interior  is  to  a 
great  extent  cartilage,  and  the  lower  anterior  part  is  almost  unossified.  The  outer 
surface  carries  a strong  crest  (cr)  dividing  between  the  muscles  to  the  lowermost, 
spinous,  ray  and  those  to  the  other  rays;  above  and  parallel  to  this  crest  a smaller 

and  less  prominent  one  is  found  in  addition.  The  upper  margin  of  each  pubic 

is  firmly  joined  to  tbe  lateral  body-wall  (especially  through  dense  connective  tissue 
to  the  inside  of  the  second  dermal  scute  from  below  in  the  posterior  transverse 
thoracic  row');  the  lower  margin  of  the  anterior  part  joins  the  median  ventral  scute, 
here  meeting  its  fellow  from  the  opposite  side.  The  posterior  ventral  corner  (*)  of 
the  thick  hind  part  is  tightly  fastened  to  the  inside  of  the  lowermost  scute  of  the 
last  I'ow'  of  the  thorax.  In  this  way  the  skeletal  support  of  the  ventral  fin-muscles 
is  strengthened'*". 

Of  the  7 rays  in  the  ventral  fin  the  outer  (lower)  is  an  undivided  spine;  the 
remaining  6 are  biramous,  tbe  two  main  branches  parting  nearest  to  the  base  in 

the  innermost  (uppermost)  rays.  Each  of  the  two  main  branches  is  again  longi- 

tudinally split,  but  the  two  halves  are  tightly  pressed  together.  Indistinct  traces 
of  a transverse  articulation  are  visible.  In  the  female  some  of  the  peculiar  thread- 
like appendices  for  retention  and  nutrition)?)  of  the  eggs  and  young  are  ossified; 
these  ossifications  appear  as  rather  long,  slender  branches  from  the  divided  rays, 
except  the  uppermost  one;  they  are  generally  twisted  in  a corkscrew-like  manner 
and  end  in  a small  rounded  knob;  (counting  from  below  the  2nd  ray  carries  2, 
the  3rd  3,  the  4th  5,  the  5th  4,  the  6th  only  1 of  these  osseous  branchlets  in  an 
old  and  large  specimen  of  S.  cyanopteriis  in  my  possession) 


Number  of  fin-rays  in  the  specimens  examined. 


Sol.  cyanopterus. 
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Sol.  paradoxus. 
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In  the  literature  we  find  the  following; 


P 

V 

Di 

D2 

A 

C 

Solen.  cyanopterus. 

Bleeker  1851 

22 

11 

5 

19 

19 

12 
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26* 

Gunther  1866  | 

18 

7 

5 

18 

16-  17 

14 

i 

26’* 

18’* 
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20” 

Dumerll  1870  ' 

25 

7 

5 

16 

16 

20 

Gunther  1870 

26 

7 

5 

18 
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.Iordan  and  Snyder  1901 

27 
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5 

20 

19 

15 

Solen.  paradoxus. 

Seba  1758 

7 

4 

3 

13 

Pallas  1770 

c.  25 
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5 
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14 

Bleeker  1854 
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20 
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8 
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25 
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5 

18 

18 

16 

Gunther  1870 

25 

7 

5 

20 

.Iordan  and  Snyder  1901 

24 

7 

5 

21 

22 

16*** 

Tanaka  1908 

c.  23 

7 

5 

19 

16 

15  **** 

Remaining  anatomical  features  and  visceral  anatomy. 

In  the  female  the  inferior  (outer)  margins  of  the  two  ventrals  are  united  at 
the  base  for  quite  a short  distance  but  otherwise  free  of  each  other;  the  upper 
(inner)  margins  are  fused  with  the  abdominal  skin,  the  fusion  reaching  to  the 
front  border  of  the  anus;  in  this  way  is  formed  the  often-mentioned  brood-sac. 
Tbe  lining  of  this  sac  carries  a great  number  of  filaments  arranged  in  longitudinal 
rows;  most  of  the  filaments  take  their  origin  from  all  the  fin-rays  except  the 
lowermost  (outer)  spinous  ray,  but  quite  a number  form  one  row  along  the  middle 
line  of  the  abdomen;  the  longest  and  most  developed  are  those  of  the  anterior  half 
of  the  sac,  but  along  the  fin-rays  they  are  found  almost  to  the  hind  margin  of  the 
sac,  gradually  decreasing  in  length,  the  hindmost  being  very  small. 

Part,  if  not  all,  of  the  filaments  on  the  rays  contain  a slender,  undulated  or 
twisted  bony  axis,  an  outgrowth  from  the  bone  of  the  ray,  as  mentioned  above 
under  the  osteology  of  the  ventrals.  This  axis  only  occupies  the  basal  part  of  the 

' Tlie  number  26  is  given  in  the  description,  18  in  the  formula. 

**  These  numbers  are  given  for  „Sol.  bleekeri  A.  Dum.“  vvliich  I consider  as  identical  with  cya- 
nopterus  Blk. 

The  number  of  caudal  rays  taken  from  the  figure. 

"**  Tanaka’s  species  “Sol.  leptosoma  " I regard  as  a male  S.  paradoxus.  The  number  of  caudal 
rays  is  that  given  in  T.’s  figure.  Also  Blekkkk’s  Sol.  braclujurus  is  in  my  opinion  = paradoxus;  no 
number  of  fin-rays  is  stated.  Kaup  1856  has  the  following  numbers  for  “Solen.  paradoxus"  P:27,  V;7, 
Di:  5,  D2;  18  -19,  A:  18—19,  G:  15,  but  his  “parado.xus”  comprises  both  cyanopterus  and  paradoxus. 
His  material  of  5 specimens  is  still  in  the  Museum  of  Paris  and  contains  2 paradoxus  (1  from  Isle  de 
France,  1 from  the  Indian  Ocean)  and  .3  cyanopterus  (2  from  New  Guinea,  1 from  Isle  de  France;  the 
latter  = “S.  bleekeri"  Dum.i. 


I).  K.  I).  Vidensk.  Selsk.  Skr.,  7.  RtL*kkc,  naturvitleiisk.  ojj  matliem.  Afd.  VIII 
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filament,  scarcely  reaching  to  the  middle  of  its  length  (PL  III,  fig.  11  ax).  When 
the  filament  is  laid  under  the  microscope  the  bony  axis  appears  transparent  and 
refringent,  but  its  bony  nature  is  easily  shown  through  staining,  e.  g.  with  aliz- 
arine or  Inematoxyline ; I suppose  it  is  the  structure  about  which  Gunther  says 
(16b,  p.  151):  “A  slightly  undulated  canal  runs  along  the  interior  of  the  filament”. 
In  the  filaments  from  the  middle  line  of  the  abdominal  skin  I have  found  no 
bony  axis.  All  the  filaments  are  richly  beset  with  shorter  or  longer  branchlets 
or  twigs.  Each  branclilet  is  expanded  at  its  end  into  a regular  concave  disc, 
looking  like  a sucker;  this  I take  to  be  the  special  organ  of  retention  for  the  eggs 
and  young.  I am  not  able  to  elucidate  the  special  manner  in  which  the  retention 
is  brought  about,  whether  each  egg  is  always  held  by  one  sucker,  and  the  young 
also,  or  if  in  the  latter  case  two  or  more  discs  are  at  work.  My  only  specimen 
with  a few  eggs  and  newly  hatched  young  still  contained  in  the  sac  (a  ..S.  paradoxus) 
is  not  well  enough  preserved  to  show  things  definitely;  it  seems  to  have  been 
somewhat  dried  and  shrivelled  before  being  preserved  in  alcohol,  but  the  presence 
of  traces  of  discs  fastened  to  the  eggs,  one  on  each,  and  also  to  the  embryos,  I have 
ascertained  with  certainty.  Whether  the  filaments  are  also  organs  of  nutrition  I am 
not  in  a position  to  decide;  they  are  provided  with  blood-vessels,  from  the  stem 
entering  eveiw  branchlet;  thus  the  nutritive  function  seems  to  me  to  be  at  least 
possible,  a secretion  to  tbe  interior  of  the  sac  being  probable.  Certain!}'  many 
questions  of  great  interest  regarding  the  biology  and  development  of  these  curious 
fishes  are  to  be  solved,  and  it  is  to  be  hoped  that  some  day  one  of  the  zoologists 
having  the  opportunity  of  observing  the  living  animals  in  their  natural  surround- 
ings will  take  up  the  task. 

Possibly  the  whole  interior  lining  of  the  brood-sac  belongs  to  the  ventrals; 
the  real  condition  might  perhaps  be,  that  both  ventrals  as  in  the  Gobies  are 
coalesced  along  their  upper  or  inner  margins  and  the  coalesced  part  again  fused 
with  the  abdominal  skin;  if  this  interpi-elation  should  prove  to  be  the  correct  one, 
the  power  of  sending  out  filaments  would  be  possessed  only  by  the  fin;  this  question 
— perhaps  of  no  great  importance  — could  most  probably  be  solved  by  an  examina- 
tion of  the  histology  of  appropriate  material  or  of  developmental  stages. 

On  the  “thorax”  only  the  dorsal  part  of  the  muscles  is  fully  developed,  most 
of  the  lateral  body-wall  below  the  vertebral  column  being  devoid  of  muscles;  the 
same  is  the  case  on  the  posterior,  slender  portion  of  the  body  with  part  of  the 
ventral  body-wall.  The  myomeres  are  here  well  developed  along  the  whole  part 
pi’ovided  with  dermal  ossifications  and  further  along  a narrow  strip  close  to  the 
ventral  middle  line  of  the  belly,  from  the  ventrals  to  about  the  anus;  the  inter- 
vening lateral  space  of  the  body-wall,  covering  the  side  of  the  intestine,  is  — like 
the  “linea  alba”  — devoid  of  muscles.  No  division  into  myomeres  is  seen  in  the 
strong  dorsal  muscles  reaching  from  the  skull  to  the  level  of  the  3rd  transverse 
row  of  scutes;  and  this  part  of  the  musculature  is  provided  with  a flat  strong 
ossification  (PI.  Ill,  fig.  10  td),  corresponding  to  that  found  in  Fislularia,  Aulostoma, 
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and  Nerophis  ophidian;  narrow  in  front,  where  it  firmly  joins  the  epiotic,  it  widens 
gradually  backwards,  finally  dissolving  into  a number  of  threads.  Between  the 
skull  and  the  first  transverse  row  of  scutes  it  may  be  seen  through  the  skin,  the 
remaining  part  being  more  or  less  concealed  by  the  overlying  upper  members  of 
the  3 anterior  transverse  rows  of  scutes. 

The  branchial  cavities  of  the  left  and  right  sides  communicate  through  a 
large,  oval  opening  (PI.  VII,  fig.  3 o)  under  the  branchial  skeleton,  a condition  only 
found  in  a few  other  fishes  (e.  g.  Zeiigopteriis  and  some  other  flounders).  There 
are  4 complete  gills  (i.  e.  composed  each  of  2 rows  of  branchial  lamellae)  (PI.  Ill, 
fig.  11  I— IV)  and  a well-developed  pseudobranch  (fig.  11  ps);  the  5 gill  slits  on 
each  side  are  small,  oblique,  somewhat  like  button-holes  in  shape  (as  in  Syngna- 
thids),  and  as  stated  above  not  provided  with  gill-rakers.  The  branchial  laminae 
are  rather  short  and  clumsy,  intermediate  in  shape  between  the  type  found  in 
Syngnathids  and  that  of  fishes  generally;  their  number  in  each  row  from  6 to  12, 
the  anterior  row  of  the  first  gill  having  9,  the  posterior  of  the  last  gill  only  6. 
The  pseudobranch  consists  of  a single  row  of  8 leaves  arranged  along  the  inner, 
posterior  border  of  the  hyomandibular  and  preoperculum,  in  front  of  the  first  slit. 
As  in  Syngnathids  the  gills  are  not  restricted  to  the  gill-arches  but  for  a great 
part  take  their  origin  above  and  below  these  from  the  soft  walls  of  the  pharynx; 
the  rows  are  almost  vertical  in  spite  of  the  oblique  position  of  the  gill-arches.'” 

As  in  S5mgnathids  the  alimentary  canal  (PI.  Ill,  fig.  11)  is  simple,  straight, 
without  any  externally  visible  demarcation  between  stomach  and  intestine,  and 
without  mesentery.  The  muscular  oesophagus  (oe)  widens  evenly  into  a thin-walled, 
somewhat  spindle-shaped  dilatation,  distended  with  food;  it  suddenly  narrows 
where  the  intestine  passes  from  the  “thorax”  into  the  slender  part  of  the  body, 
just  above  the  root  of  the  ventrals  and  below  the  most  expanded  part  of  the  air- 
bladder.  Immediately  in  front  of  this  narrowing  the  dilatation  ventrally  fills  out 
the  space  between  the  two  halves  of  the  pelvis  and  the  posterior  end  of  the  liver, 
forming  here  a kind  of  cuneiform  sacculation,  no  doubt  only  an  accidental  adapta- 
tion to  the  given  space,  due  to  the  state  of  stuffing  with  food  in  the  specimen 
dissected.  On  the  ventral  side  of  the  anterior  half  of  the  spindle-shaped  dilatation, 
in  the  median  line,  the  bile-duct  enters  (at  bd  in  the  figure),  as  in  Syngnathids 
the  only  indication  of  the  beginning  of  the  intestine  (duodenum);  thus  the  greater 
part  of  what  at  first  sight  seems  to  be  a “stomachal”  dilatation  is  really  formed 
by  the  small  intestine.  The  remaining  part  of  the  latter  fills  most  of  the  body 
cavity  in  the  slender,  posterior  part  of  the  body;  at  the  spot  * in  the  figure  a 
circular  constriction  marks  otf  the  beginning  of  the  rectum  (r)*.  The  fold  and 
the  small  sacculation  apparent  at  **  in  the  figure  is  — as  far  as  I can  see  — only 
an  accidental  formation  due  to  an  accumulation  of  the  contents. 

’ The  rectum  and  adjacent  parts  unfortunately  were  somewhat  damaged  during  my  dissection  of 
the  only  specimen  which  I could  sacrifice ; hence  1 am  not  quite  sure  about  a few  features,  e.  g.  the 
possible  existence  of  an  urinary  bladder. 
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The  liver  (1)  is  laleially  compressed  with  sharp  ventral  edge.  The  left  part 
is  seen  below  the  alimentary  canal,  while  the  right  side  of  the  latter  is  covered  by 
the  right  part.  From  an  incision  in  the  posterior  edge  of  the  right  part  proceeds 
the  bile  duct,  turning  upwards  and  forwards  to  the  intestine.  The  gall-bladder  is 
situated  as  in  Syngnathids  between  the  right  side  of  the  alimentary  canal  and 
the  right  part  of  the  liver;  the  bile-ducts  from  the  liver,  the  portal  vein  and 
hepatic  artery  as  well  as  the  hepatic  vein  seem  to  be  arranged  quite  as  in  the 
Syngnathids. 

The  alimentary  canal  in  the  dissected  specimen  contained  rather  large  crusta- 
ceans (Palsemonids;  one  fairly  well  preserved  specimen  was  about  12  mm.  in 
length). 

The  existence  of  an  air-bladder  bas  hitherto  been  denied  (cf.  Gunther  16b 
p.  151 ; Boulenger  4 c p.  633).  Nevertheless,  if  sufficiently  transparent  specimens  are 
held  against  the  light  an  oval,  clear  body  is  always  to  be  seen  over  the  intestine 
just  below  the  first  dorsal,  and  always  in  the  same  way  filling  a downward  bend 
of  tbe  intestine,  thus  suggesting  the  presence  of  an  air-bladder.  Through  dissection 
the  suspicion  is  confirmed  and  the  fact  easily  settled.  The  air-bladder  (bl)  is  irre- 
gularly pyriform,  anteriorly  narrowing  into  a point  reaching  about  to  the  hind 
end  of  the  oesophagus,  posteriorly  also  tapering  but  more  abruptly,  and  ending 
behind  the  level  of  the  ventrals. 

The  kidneys  (PI.  Ill,  fig.  11  k)  reach  from  below  the  second  vertebra  to  the 
end  of  the  body  cavity.  From  the  level  of  the  12th  vertebra  they  are  united  into 
one  body  containing  in  its  middle,  between  the  two  ducts,  the  right  cardinal  vein, 
which  seems  the  only  one  developed  and  is  anteriorly  embedded  in  the  right  kidney. 
The  anterior  part  of  each  kidney  represents  the  “head  kidney”,  as  it  contains 
a large  “pronephric  glomerulus”  (or  “glomus”),  from  which  the  wide,  straight 
duct  passes  backwards  through  the  whole  organ;  at  some  distance  behind  the 
“glomus”  urinary  tubules  appear  and  are  pieseut  in  the  whole  remaining  part  of 
the  kidney.  As  usual  in  teleosts  the  “head-kidney”  has  no  tubules,  consisting  only 
of  lymphatic  tissue  surrounding  the  “glomus”  and  the  beginning  of  the  duct;  the 
latter  part  is  not  convoluted,  as  otherwise  in  bony  fishes,  but  straight  like  its  con- 
tinuation through  the  secreting  nephros.  The  secreting  tubules  of  the  latter  are 
short,  combining  to  wide  collecting  tubules  regularly  grouped  around  the  duct  into 
which  they  debouch.  No  malpighian  corpuscles  (or  glomeruli)  are  to  be 
seen.  Thus  the  kidney  of  Solenostomiis  only  in  the  latter  respect  resembles  that  of 
Syngnathids;  in  almost  every  other  respect  it  is  not  only  dilferent  hut  very  peculiar; 
especially  so  in  preserving  the  whole  pronephric  duct  and  the  pronephric  glo- 
merulus, a feature  very  rarely  met  with  in  bony  fishes  (from  my  own  experience 
1 only  know  of  Zoarces  viviparus  possessing  that  structure  in  the  adult  state).  In 
Syngnathids  a “head-kidney”  is  not  only  absent  in  the  adult,  but  a “pronephros” 
(“glomus”)  seems  not  at  all  to  be  formed  in  the  embryo  according  to  Huot,  whose 
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statements  I am  able  to  contirm  for  embryos  in  Ibat  stage  of  development  at 
which  they  leave  the  marsupium. 

The  anterior  ])art  of  the  testis  (te),  situated  under  the  posterior  part  of  the 
air-bladder,  is  somewhat  irregularly  coiled,  the  remaing  part  being  straight  and 
gradually  tapering  into  a narrow  thread  lying  close  to  its  fellow  from  the  other 
side  below  the  kidney;  above  the  rectum  the  testis  (or  vas  deferens,  no  boundary 
between  the  two  being  observable)  widens  a little  again.  If  the  two  male  ducts 
are  united  at  all  it  can  only  he  at  the  junction  with  the  urethra,  like  the  case  in 
Syngnathids.  (As  stated  p.  325  [59]  this  part  unfortunately  has  been  somewhat 
damaged.)  The  male  organ  is  of  the  same  peculiar  type  as  that  of  Syngnathids,  i.  e. 
it  forms  a simple  hollow  sac  or  tube. 

I regret  that  the  scarcity  of  my  material  did  not  allow  me  also  to  dissect  a 
female  specimen.  I have  onl}'  had  the  opportunity  to  look  at  a partly  dissected 
specimen  in  the  British  Museum  (probably  the  one  which  had  been  used  by 
Gunther  for  his  anatomical  statements)  and  to  write  down  the  following  note; 
“The  ovaries  are  situated  in  the  anterior  part  of  the  body  cavity,  each  with  a 
long  narrow  oviduct;  the  two  oviducts  seem  to  unite  into  an  enlarged  portion 
above  the  rectum”'*-*. 


Family  Solenostomidce. 

Two  dorsal  Tins,  the  anterior  spinous.  Ventrals  present,  very  large.  Tail  short, 
caudal  fin  very  large.  Skin  with  star-like  dermal  ossifications  in  transverse  and 
longitudinal  rows.  No  visible  lateral  line.  Gill-openings  wide,  opercular  membranes 
free  of  isthmus.  Nasals,  infraorbitals  and  metapterygoid  wanting.  Hyoid  complete; 
branchial  skeleton  reduced.  Supraclavicle  present,  postclavicle  absent;  scapular 
foramen  closed.  Vertebraj  without  articular  processes,  upper  and  lower  spines  long 
and  well  developed.  The  3 anterior  vertebicE  immovable,  suturally  united.  Ribs 
absent.  Pseudobranchia  present,  well  developed.  Gills  4,  gill-rakers  absent,  branchial 
slits  5.  Air-bladder  present,  without  duct.  Intestinal  canal  simple,  straight,  without 
stomachal  sac  or  pyloric  appendages. 

Genus  Solenostonms  Lacep. 

General  form  laterally  compressed.  Snout  tubular,  very  long  and  strongly 
compressed.  Mouth  an  oblique  slit,  bounded  above  by  the  premaxilla,  toothless. 
Chin  with  a barbel,  more  or  less  concealed.  Olfactory  organ  an  open  pit,  smooth 
in  the  female,  provided  with  radiating  lamellae  in  the  male.  3 opercular  bones  pre- 
sent, subopercular  extremely  thin,  bristle-like;  interopercular  lamellar,  concealed. 
One  bifid  branchiostegal.  Septum  between  the  branchial  cavities  perforated  by  a 
large  opening.  Anterior  part  of  body  high,  forming  a thorax,  posterior  part  slender; 
tail  very  short,  its  anterior  part  high,  dorsal ly  and  ventrally  forming  a kind  of 
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luimp,  canving  the  second  dorsal  and  Ihe  anal;  the  posterior  part  carrying  the 
caudal  fin  lower.  The  soft  skin,  covering  the  dermal  ossifications,  with  scattered 
small  (more  or  less  developed,  in  some  places  branched)  cutaneous  papillse. 

Anterior  dorsal  with  5 spines,  short  but  high,  at  posterior  border  of  thorax, 
opposite  to  ventrals;  the  latter  very  large,  with  one  spine  and  6 bifurcated  soft 
rays;  free  in  male,  united  to  abdomen  in  the  female,  forming  a brood-sac.  Second 
dorsal  and  anal  opposite,  long  and  rather  low,  composed  of  numerous  soft,  un- 
branched rays,  like  those  of  the  pectorals.  Caudal  fin  extremely  large,  with  strong, 
unbranched  rays,  the  middle  ones  longer  and  somewhat  more  slender  than 
the  rest. 

Glossohyal  and  hasihranchials  absent,  epibranchials  absent  or  quite  rudiment- 
ary; pharyngobranchials  apparently  one  — but  composed  of  two  — on  each  side, 
jnovided  with  teeth  like  the  low'er  pharyngeals. 

Di.  5,  V.  7,  C.  16. 


Solcnostomus  cyanopteriis  Bleeker  1851). 

Sj'n;  S.  paradoxum  Blk.  18.52,  1853. 

S.  paradoxus  Kaup  1856,  pro  parte. 

S.  cyaiiopterus  Dumeril  1870. 

.S.  Bleekeri  „ „ 

Snout  rather  stout,  its  height  in  the  middle  of  its  length  being  in  the  male 
about  ‘/s  of  its  length  (from  anterior  margin  of  the  eye  to  the  end  of  the  snout), 
in  the  female  about  f'l.  Caudal  peduncle  stout,  the  membrane  of  the  caudal  tin 
beginning  very  near  or  almost  close  to  the  second  dorsal  and  anal  (closest 
in  the  male).  Profile  of  second  dorsal  and  anal  evenly  arched.  Colour  brown, 
minutely  dotted  with  black  and  whitish,  or  pink  with  small  purplish-brown 
spots.  Eye  red.  Fii'st  dorsal  fin  with  two  large,  ovate,  black  ocelli  between  the  first 
3 rays. 

P.24—27,  1).  5 18— 20,  A.  16-20,  C.  16,  V.  7. 


Solenostonms  paradoxus  (Pallas). 

.Sj'ii ; Solenostonius  varius  rostro  serrato  etc.  Seba  1758. 

Fistularia  paradoxa  Pallas  1770. 

Solenostonius  paradoxus  Lacep.  1803. 

Solenostonius  „ pro  parte  Kaup  1856. 

Solenostonius  paradoxus  Dumeril  1870. 

Solenostonia  brachyuruni  Bleeker  1855. 

Solenostoina  leptosonia  Tanaka  1008. 

Snout  elongated,  its  height  (apparently  in  both  sexes)  in  the  middle  being 
about  * 7 of  its  length  (from  anterior  margin  of  ex’e).  Caudal  peduncle  slender,  the 
membrane  of  the  caudal  fin  beginning  at  a distance  from  the  second  dorsal  and 
anal  of  more  than  half  the  length  of  these  fins  (about  in  the  female,  -’/c  in  the 
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male).  The  rays  in  the  middle  and  behind  the  middle  of  the  anal  and  second 
dorsal  somewhat  elongated,  thus  giving  the  profile  of  these  fins  a higher  and  more 
acutely  arched  shape  than  in  the  preceding  species. 

Colour  light  brownish,  irregularly  mottled  with  orange  spots;  membrane  of 
first  dorsal  with  two  dark  ocelli  between  the  first  3 rays. 

P.  24  26,  D.  5 18-22,  A.  18-23,  C.  16,  V.  7. 


Conclusion. 

With  the  preceding  part  of  the  present  contribution  I have  finished  my  ac- 
count of  the  principal  structural  features,  especially  the  osteology,  of  the  fishes 
which  in  my  first  contribution  I considered  to  be  a group  of  related  forms  and 
(23  b p.  42  [4])  provisionally  bad  designated  as  “Hemibranchii  (-^  Gastrosteidse  and 
Aulorhynchidse)  4- “Lophobranchii”  (Solenostomidse  and  Syngnatbidse)”,  at  tbe  same 
time  pointing  out  a number  of  characteristics  in  the  composition  of  the  cranial  skel- 
eton, which  seemed  to  me  an  expression  of  natural  affinity.  Since  the  publication 
of  my  first  paper  I have  had  the  great  satisfaction  of  learning  that  the  author  of 
the  latest  attempts  at  a systematic  arrangement  of  the  Class  Pisces,  C.  T.  Regan,  has 
adopted  my  view  (45  b and  c).  Furthermore  he  has  given  the  group  as  circum- 
scribed by  me  a systematic  name,  namely  Solenichthyes,  to  replace  the,  of  course, 
quite  provisional  designation  quoted  above.  Originally,  however,  Regan  only  in- 
cluded Amphisile  and  Centrisciis  under  the  name  Solenichthyes  (cfr.  23  b Note  1,  p. 
42);  but  later  (45)  he  has  extended  its  domain  to  embrace  all  tbe  forms  pointed 
out  by  me  as  related.  Although  I do  not  like  the  name  on  purely  etymological 
grounds*,  I adopt  it  and  am  going  to  use  it  in  the  following  systematic  arrange- 
ment, in  which  I shall  try  to  condense  the  principal  characteristics  set  forth  and 
treated  at  length  in  the  descriptive  parts  of  my  work. 


Suborder  Solenichthyes. 

Snont  tubiform,  mouth  terminal,  the  ethmovomerine  part  of  skull  and  man- 
dibular suspensory  parts  anterior  to  byomandibular  being  greatly  elongated;  pala- 
tine short  and  connected  with  front  end  of  vomer;  metapterygoid,  if  present, 
removed  from  contact  with  the  hyomandibular.  Parietals  and  opisthotics  absent; 
pterotics  joining  cranial  base  below,  preventing  exoccipitals  from  meeting  pro- 
otics.  Opercular  apparatus  consisting  of  the  3 usual  bones.  Lateral  line  bones  of 
head  reduced  in  number  or  absent;  infraorbitals,  if  present,  only  represented 
by  preorbitals,  never  containing  any  lateral  line  canal.  Anterior  3 — 6 vertebrae 
immovable.  Ribs  absent.  Gills  4,  pseudobranchia  present;  branchial  slits  5, 

* Because  the  fishes  thein.selves  are  not  tuhiforni,  only  tlieir  snouts  being  so. 
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Intestinal  canal  simple,  without  stomachal  sac.  Air-bladder  present,  ductless. 
Ventrals  (if  present)  abdominal  in  position,  5 — 7 rays.  Fin-rays  of  pectoral,  (se- 
cond) dorsal  and  anal  fins  distally  unbranched. 

A.  Post-clavicle  and  metapterygoid  present;  anterior  4—6  vertebrae  elongated, 
more  or  les  modified;  vertebrae  with  articular  processes.  (4 — 5 branchi- 
ostegal  rays.)  Lateral  line  canals  present  (at  least  on  head;  Centrisciis): 
Aulostomata  (“Bouches-en-fliite”). 

1st  Family:  Centriscida\ 

Mouth  toothless.  Body  laterally  compressed,  stiff;  tail  short,  movable.  All 
the  components  of  mandibular  suspensorium  present;  palatine,  ento-  and  meta- 
pterygoid connected  with  the  elongated  ethmo-vomerine  part  of  skull.  Nasal  and 
preorbital  well  developed,  the  first  containing  a lateral  line  canal.  Hyoid  of  normal 
composition;  4 branchiostegal  rays;  branchial  skeleton  complete,  upper  and  lower 
pharyngeals  carrying  teeth.  Posttemporal  suturally  united  to  skull;  supraclavicle 
present;  scapular  foramen  enclosed  in  scapula;  pectoral  pterygials  stout,  leaving 
no  interspaces.  Anterior  5 — 6 vertebrae  elongated,  their  transverse  processes,  except 
those  of  the  first  and  last,  firmly  connected  with  large  dermal  plates.  Two  dorsal 
fins,  anterior  spinous,  the  spines,  except  1—3  of  the  foremost,  fused  with  their 
interneurals ; posterior  dorsal  opposite  to  anal.  Outer  ray  of  ventral  spinous.  Two 
nasal  openings.  Appendices  pyloric®  absent. 

Genera : Centrisciis,  Amphisile. 

2nd  Family:  Aulostomidoe. 

Mouth  toothed;  body  elongated,  tail  short.  Occi])ital  condyle  convex.  Ecto- 
pterygoid  wanting,  other  suspensory  bones  present;  palatine,  ento-  and  metaptery- 
goid (in  Fistiilaria  also  symplectic)  connected  with  ethmo-vomerine  part  of  skull. 
Nasal  quite  rudimentary  or  absent;  preorbital  rudimentary  or  absent.  Hyoid  com- 
posed as  usual  of  5 pieces;  4 or  5 branchiostegals;  branchial  skeleton  reduced, 
only  one  basibranchial  being  ossified,  4th  epibranchial  absent,  the  remaining  3 
more  or  less  separated  from  their  cerato-branchials;  1st  pharyngobranchial  absent, 
2nd— 4th  and  lower  pharyngeals  provided  with  teeth.  Posttemporal  present,  supra- 
clavicle present  or  absent;  scapular  foramen  enclosed  in  scapula;  pterygials  elongated, 
leaving  interspaces  between.  Anterior  4 vertebr®  much  elongated  and  suturally 
united,  their  transverse  and  spinous  processes  forming  continuous  lamell®.  Trans- 
verse processes  of  free  abdominal  vertebr®  divided  into  an  anterior  and  a posterior 
part.  First  dorsal  fin,  if  present,  spinous,  second  dorsal  opposite  to  anal.  Ventral 
fin  with  6 rays,  the  outer  unbranched,  but  jointed.  Lateral  line  canals  developed. 
Two  nasal  openings.  One  or  two  appendices  pyloric®. 

Genera:  Aiilostoinu,  Fistiilaria. 
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B.  Postclavicle  and  metapterygoid  absent;  anterior  3 vertebrae  suturally 
united,  not  specially  elongated;  vertebrae  without  articular  processes. 
(1^ — 3 branchiostegal  rays.)  Lateral  line  canals  absent.  Lophobranchii. 

3rd  Family:  Solenostomidce. 

Mouth  toothless;  body  laterally  compressed,  tail  short.  Nasal  and  infraorbitals 
(preorbitals)  absent.  Palatine,  ecto-  and  entopterygoid  and  symplectic  connected 
with  ethmo-vomerine  part  of  skull.  Hyoid  of  normal  composition;  1 branchiostegal 
ray;  branchial  skeleton  reduced,  glossohyal  and  basibranchials  wanting,  epibranchials 
absent  or  quite  rudimentary,  only  2nd  and  3rd  pharyngobranchials  present,  remote 
from  ceratobranchials,  provided  with  teeth  like  the  lower  pharyngeals.  Posttemporal 
attached  to  skull,  supraclavicle  present;  scapular  foramen  closed  below,  being  sur- 
rounded by  scapula  and  clavicle ; pterygials  elongated  with  open  spaces  between, 
not  fixed  between  dermal  plates.  Upper  and  lower  spinous  processes  long  and 
slender.  Skin  with  large  stellate  ossifications,  leaving  large  spaces  unprotected. 
Gill-opening  wide,  opercular  membrane  free  of  isthmus.  Two  dorsal  fins,  anterior 
spinous;  posterior  opposite  to  anal;  tail-fin  very  large.  Ventrals  very  large,  with 
7 rays,  the  outer  spinous.  Nasal  organ  an  open  pit.  Appendices  pyloricae  none. 

Genus:  Solenostonms. 


4th  Family:  Syngnathidce. 

Mouth  toothless;  body  elongated,  angular  or  laterally  compressed,  tail  long. 
Nasal  absent;  2 or  3 infraorbitals  (preorbitals)  present.  Palatine,  entopterygoid 
(sometimes  also  ectopterygoid)  and  symplectic  connected  with  snout  part  of  skull. 
Hyoid  only  composed  of  3 — 4 pieces;  1 — 3 branchiostegal  rays;  branchial  skeleton 
reduced,  basibranchials  being  absent  or  reduced  to  2,  hypobranchials  1 — 2,  epi- 
branchials 3,  remote  from  ceratobranchials  or  completely  absent,  2nd  and  3rd  or 
only  2nd  pharyngobranchial  present,  toothless  as  also  lower  pharyngeals.  Post- 
temporal suturally  united  to  skull;  supraclavicle  absent;  upper  part  of  clavicle 
expanded  and  connected  firmly  with  transverse  processes  of  the  two  foremost 
vertebrae.  Scapular  foramen  continued  below  into  interspace  between  clavicle  and 
coracoid;  pterygials  with  open  interspaces,  their  distal  parts  fixed  between  dermal 
scutes.  In  some  members  coraco-scapular  and  pterygial  skeleton  absent  as  also 
pectoral  fins.  Transverse  processes  on  vertebrae  well  developed,  connected  with 
dermal  plates;  spinous  processes  low  crests,  except  on  the  vertebrae  carrying  the 
dorsal  fin,  the  spinous  processes  of  which  are  elevated  and  divided,  each  supporting 
a group  of  interneurals;  a secondary  transverse  process  on  the  same  vertebrae, 
behind  the  primary  one,  for  attachment  of  muscles  moving  the  dorsal  fin.  Skin 
with  complete  armour  of  dermal  plates.  Gill-lamellae  few  on  each  branchial  arch, 
short  and  clumsy,  with  large  transverse  leaflets.  Gill-opening  dorsal,  very  small, 
the  margins  of  opercular  membrane  being  largely  fused  to  isthmus  and  body.  One 
dorsal  fin,  anal  small,  below  dorsal,  or  absent;  caudal  fin  small,  in  some  members 

D.  K.  D.  Vidensk.  Selsk.  Skr,,  7.  lUukke,  naturvidensk.  og  matliem.  Afd.  VIII.  o.  43 
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rudimentary  or  quite  absent;  in  latter  case  tail  more  or  less  prehensile.  Ventrals 
absent.  Two  nasal  openings.  No  pyloric  appendices. 

a.  Subfamily;  Sijngnathini.  Preorbital  bones  2;  nuchal  plates  generally  2 
(one  prenuchal  and  one  nuchal);  rarely  3 nuchals  (one  prenuchal  and 
2 nuchals). 

Genera;  Siphonostoma,  Syngnatiuis,  Ichihgocampus,  Nannocampusj,  Urocaiiipus, 
Doryiclithys,  Leptoichthysf,  Coelonotus-f,  Stigmatophora*,  Nerophis,  Protocampiisf**. 

b.  Subfamily;  Hippocampini.  Preorbital  bones  3;  nuchals  3 or  2;  in  latter 
case  prenuchal  wanting. 

Genera;  Hippocampus,  Solenognathiis,  Phyllopieryx,  Gastrotokeus,  Acenlroiuiraf. 

— . 3 nuchals,  a prenuchal  or  “corona”  being  present. 

Hippocampus,  Solenognathiis. 

2 nuchals,  a prenuchal  absent. 

Gastrotokeus,  Phyllopieryx. 

The  genera  marked  with  f I have  not  seen. 

That  all  the  members  of  the  group  Solenichthyes  are  aberrant  and  much 
specialised  is  evident,  and  that  they  must  all  be  derived  from  one  common  stock 
of  less  specialised  forms  is  hardh'  to  he  doubted.  But  where  their  parentage  is  to 
be  sought,  or  to  which  of  the  other  groups  of  existing  Teleosts  they  are  most 
nearly  related,  is  to  me  still  an  open  question.  As  fossils,  carrying  quite  the  same 
stamp  as  in  modern  time,  they  date  far  hack  in  the  tertiary  formations;  the  existing 
genera  Amphisile,  Aulostoma  and  Solenostomus  as  well  as  true  Syngnathids  {“Syngna- 
thiis  bolcensis”  Zlgi'i.)  are  found  in  Eocene  (Mt.  Bolca  and  Mt.  Poslale),  Fistularia*** 
at  least  in  Oligocene  formations  (Glarus  .schists);  unfortunately  the  extinct  Eocene 
genera  Urosphen,  Solenorhynchus  and  Calamostoma  ( Mt.  Bolca  and  Mt.  Postale), 
which  are  undoubtedly  Solenichthyes,  the  first  belonging  to  the  Aulostomidce,  the 

' 3 nuchals  are  present,  a small  prenuchal,  a large  first  nuchal  and  a smaller  seeond  nuchal.  Of 
the  two  preorbitals  the  posterior  {true  preorhital)  is  very  short,  the  anterior  extremely  long. 

” I have  omitted  the  genus  Osphgolax  (with  a single  siiecies:  pellucidus)  described  by  Cope  (Froc. 
Ac.  Sc.  Fbiladelphia,  1875,  p.  450,  FI.  25;  the  description  repeated  in  .Iohdan  and  Evermann  21a  p.  775). 
I am  quite  sure  that  it  is  due  to  a mistake.  .Judging  from  the  figures  and  description  it  must  simply 
be  a Nerophis  cequoreus,  the  dorsal  fin  of  which  has  been  damaged  and  deprived  of  its  larger  anterior 
part.  This  would  explain  not  onl^'  the  shortness  of  the  dorsal  fin,  containing  IG  rays  in  stead  of  40  44, 

but  also  the  peculiar  dorsal  tube  in  front  of  the  fin,  which  is  said  to  be  “closed  above  by  a series  of 
small  radiate  ossicles  in  the  median  line,  between  which  the  cavity  maj'  be  entered  by  small  bodies.” 
These  small  ossicles  evidently  are  the  upper  ends  of  interspinous  bones  with  their  peculiar  osseous 
expansions,  which  have  been  laid  bare  by  the  abrasion  of  the  front  jjart  of  the  dorsal  fin.  The  “free 
superior  edges  (of  lateral  scutes),  which  form  a series  of  longitudinal  lateral  grooves”  in  the  “lumbar 
region”  1 imagine  are  also  due  to  accident  (and  drying?). 

*"  ‘^Fistularia  tenuirostris”  Ag.  from  Mt.  Bolca  cannot  in  my  opinion  be  a true  Fistularia;  but  it 
belongs  at  all  events  to  the  Solenichthyes,  as  also  the  genus  Pseudosijng  not  hits  {Syngnathus  opisthoptenis 
Ag.),  which  is  no  Syngnathid. 
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two  latter  to  the  Solenostoinidiv do  not  throw  any  light  upon  the  question  of 
derivation  from  other  forms,  but  they  may  prove  to  be  of  use  in  filling  up  some 
of  the  gaps  between  the  now  existing  genera.  Leaving  aside  the  latter  point  for 
the  present  and  only  considering  the  existing  forms  reviewed  above  I think  it  will 
be  agreed,  that  the  Syn  gnat  bids  are  the  most  aberrant  and  most  strongly 
specialised  Solenichthyes.  Compared  with  the  other  forms  the  Syngnathids  have 
acquired  a more  complete  dermal  armour  and  an  elongated  tail;  at  the  same  time 
they  have  lost  the  first  dorsal  and  the  ventrals,  and  reduced  or  lost  the  anal ; the 
second  dorsal,  taking  up  the  function  of  locomotion,  has  generally  been  lengthened 
and  often  encroaches  upon  a greater  or  lesser  part  of  the  trunk;  the  metaptery- 
goid is  lost,  the  shoulder  girdle  has  lost  the  postclavicle  (and  supraclavicle) , the 
clavicle,  expanding  above,  has  been  connected  firmly  to  the  anterior  vertebraj, 
while  the  pectoral  skeleton  is  weakened  like  the  branchial  skeleton.  Less  trans- 
formed are  the  Solenostomidce  which  have  kept  the  first  (spinous)  dorsal  fin  and 
the  ventrals  (with  a spine);  the  metapterygoid  is  lost,  the  shoulder  girdle  has  lost 
its  postclavicle  but  is  otherwise  complete,  while  the  pectoral  skeleton  is  weakened, 
tending  greatly  towards  the  structure  found  in  Syngnathids,  as  also  does  the  bran- 
chial skeleton  and  the  vertebrie  in  losing  the  articular  processes.  Upon  the  whole 
the  majority  of  characteristics  combine  the  Solenostomids  with  the  Syngnathids, 
with  which  they  have  been  placed  since  Cuvier  established  his  Lophobranchii;  the 
correctness  of  his  view  in  this  respect  may  now  I think  be  regarded  as  settled. 
But  on  the  other  hand  the  Solenostomidce  show  likenesses  with  different  members 
of  the  group  Aulostomata;  some  of  these  likenesses  may  perhaps  seem  to  be  of 
less  importance  — a matter,  however,  by  no  means  easy  to  judge  with  any  degree 
of  certainty.  Thus,  the  extreme  shortness  of  the  tail  in  proportion  to  the  trunk 
and  head,  the  lateral  compression  of  body  and  head,  the  mandibular  barbel  remind 
one  of  Aulostoma  (while  the  position  of  the  mouth  slit  is  more  like  that  of  Syngna- 
thids and  Cenlriscids).  Further,  there  are  some  external  likenesses  with  Centriscus 
in  the  (dorsal)  fins  — as  already  alluded  to  hy  Regan  (45  a and  c)  — **,  in  the 
stiffness  of  the  trunk,  and,  I might  add,  in  the  dermal  ossifications:  from  a four- 
sided shape  with  cruciform  crests,  which  the  large  lateral  plates  show  in  the  adult 
Centriscus  and  all  the  scales  in  the  young  ones,  the  stellate  dermal  scutes  in  Sole- 
nostomiis  — and  besides  also  the  plate-forms  found  in  Synynathidce  (cfr.  Hippo- 
campus and  those  of  young  Syngnathus)  — could  easily  be  derived. 

In  the  group  Aulostomata  the  family  Aulostomidce  approaches  the  group  Lopho- 
branchii (Solenostomidce  and  Syngnathida’)  in  the  commencing  reduction  of  the 
branchial  skeleton  and  in  the  fact  that  the  upper  parts  of  the  rows  of  branchial 

In  a forthcoming  paper  1 liope  to  sliow  that  Calamostoma  (breviculiim  Ag.)  must  belong  to 
the  Solenostomidce.  That  the  genus  Solenoslomus  itself  is  represented  in  the  Mt.  Bolca  formation,  as 
also  Amphisile,  I know  from  photographs,  kindly  sent  to  me  from  the  Museo  Civico  in  Verona. 

Boi:i.en(;er  (4  c,  |).  G33)  has  also  expressed  tlie  opinion  that  “the  unique  genus  Solen.  may  be 
regarded  as  in  many  respects  intermediate  between  the  Centriscidse  and  the  Syngnathida;.” 

43* 


334 


68 


lamellae  leave  the  gill-arches  and  take  their  origin  from  the  pharyngeal  wall; 
further  in  the  shape  of  the  pectoral  pterygials,  and  in  the  weakening  of  the  anterior 
border  of  the  scapular  foramen;  if  the  weak  or  cartilaginous  anterior  part  of  the 
scapula  atrophied,  we  should  have  the  condition  found  in  Solenostomus,  from  which 
a step  farther  leads  to  that  of  Syngnathidce.  The  large  ossified  nuchal  tendons,  so 
characteristic  of  the  Aulostomidce , also  occur  in  SolenostomidcB  and  at  least  in  one 
of  the  Syngnathidce , namely  Nerophis  ophidian.  The  genus  Fistularia,  besides,  has 
the  symplectic  connected  with  the  ethmoid  region  of  the  skull  as  in  the  Lopho- 
hranchii,  and  with  the  Syngnathidce  it  shares  the  loss  of  the  first  dorsal  fin,  which 
in  Aulostoma  is  so  to  speak  going  to  disappear.  In  both  Aulostoma  and  Fistularia 
the  outer  ray  of  the  ventral  fin  has  given  up  its  spinous  character,  perhaps  a step 
towards  degradation  of  the  fin;  the  separation  of  the  pelvic  bones  in  the  median 
line  and  the  weak  structure  of  these  bones  might  possibly  point  in  the  same 
direction. 

In  spite  of  the  many  features  of  far  going  specialisation  the  family  Centriscidce 
must  be  considered  to  contain  upon  the  whole  the  least  aberrant  members  of  the 
suborder  Solenichthyes-,  to  this  conclusion  point  the  facts,  that  all  the  components 
of  the  mandibular  suspensory  parts  are  present,  that  nasals  are  well  developed, 
that  the  branchial  skeleton  is  complete,  the  shape  of  the  pectoral  pterygials,  the 
structure  of  the  ventral  fins  etc. 


N otes. 


Aulostoma. 

1 ]).270  [4].  The  scale.s  are  regarded  by  most  authors  as  simply  ctenoid.  A figure  is 
found  in  Kner  (28  b,  p.  259  [28]);  the  scale  represented  shows  seven  teeth,  united  basally  into 
one  part,  which  appears  separated  by  a distinct  boundary  line  from  the  main  scale-plate;  that 
this  representation  is  incorrect  can  easily  be  verified. 

2 p.  271  [5].  The  very  conspicuous  .system  of  “inscriptiones  tendinea?”  is  — as  far  as  I 
know  — only  mentioned  in  recent  times,  by  A.  S.  Woodward  59,  p.  375j,  in  his  definition  of 
the  genus  Aulostoma:  “Intermuscular  hones  very  numerous  and  long”.  But  already  Agassiz 
who,  curiously  enough,  does  not  appear  to  have  known  their  existence  in  the  living  forms, 
states  for  the  fossil  A.  bolcense  ft,  T.  4,  p.282):  “De  nomhreuses  aretes  musculaires  effilees  parais- 
sent  avoir  soutenu  les  muscles  tout  le  long  de  la  colonne  vertebrate”,  and  fig.  3 of  his  PI.  35 
shows  these  structures  very  distinctly. 

3 p.  274  [8].  Bridge  (5,  p.  576)  has  correctly  described  the  interspinous  bones  for  the  un- 
jiaired  fins  in  Aulostoma  chinense-,  but  he  does  not  mention  the  anterior  ray-less  elements  of 
the  anterior  part  of  the  trunk,  in  front  of  the  spinous  section  of  the  dorsal  fin. 
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4 274  [8],  Kner  (28  b,  p.  257  [26])  declares  that  the  dorsal  spines  in  Aiilostoma  (chinense) 
are  not  true  spines,  without,  however,  demonstrating  why:  “Sie  tragen  ehenso  wenig  die 
Merkmale  eines  Stachels  an  sich,  wie  jene  der  Notacanlhinen , von  denen  si)ater  die  Rede 
sein  wird  *.  Die  Strahlen  der  iibrigen  Flossen  sind  gegliedert  und  am  Ende  so  hreit  und  com- 
press, wie  bei  den  Lophobranchiern.  Die  Gliederung  ist  ziemlich  sparlich,  ausserst  zart  und 
sogar  oft  leicht  zu  ilhersehen,  der  Ohergang  vom  un-  zum  gegliederten  Strahle  erfolgt  hier 
fast  unmerklich.  Nur  die  Strahlen  der  Bauchflossen  und  die  letzten  der  zweiten  Dorsale  und 
der  Anale  sind  zugleich  gahelig  getheilt”. 

5 p.  279  [13].  Very  little  is  to  be  found  in  the  literature  about  the  osteolog}"  of  Aulostoma  ■, 
generally  the  few  remarks  apply  to  the  family  (or  “superfamily”)  including  both  Aulostoma 
and  Fistiilaria,  and  as  the  latter  apparently  has  been  examined  oftener,  the  remarks  seem 
mostly  or  wholly  based  on  I'istiilaria,  nothing  particularly  concerning  Aulostoma  being  stated. 
This  is  the  case  e.  g.  with  the  statement  found  in  several  authors  about  the  four  anterior 
vertebrae  being  elongated  (Cope,  Gill  (1884),  Jordan  & Evermann,  Regan  etc.)  or  elongated 
and  fused  together  (GCnther,  Sm.  Woodward,  Boulenger\  and  the  absence  of  ribs.  A few 
remarks  concerning  the  cranial  skeleton  are  given  by  Cuvier  (9h,  T.  2,  p.  625).  After  having 
pointed  out  some  cranial  features  characteristic  for  his  family  Bouches  eii  flute”  (i.  e.: 
Fistularia,  Aulostoma,  Centrisciis  and  Amphisile),  especially  regarding  the  composition  of  the 
elongated  snout  (“Les  frontaux  en  forment  la  base;  I’ethmoide,  excessivement  alonge,  en  fait 
la  plus  grande  partie;  et  le  vomer,  place  au  bout  du  precedent,  forme  la  pointe.”),  he  con- 
tinues: “Dans  la  fistularia  tabacaria,  le  museau  est  en  demi-cone  grele  et  un  peu  creux  a sa 
face  inferieure.  Les  apophyses  ante  et  post-orbitaire  continuent  la  courbe  reguliere  et  a peu 
pres  circulaire  du  bord  orbital  du  frontal,  de  sorte  que  plus  des  deux  tiers  des  orbites  sont 
entoures  par  les  frontaux.”  It  is  quite  evident  from  this  description,  that  Aulostoma  is  meant 
instead  of  Fistularia,  and  every  doubt  is  removed,  when  we  read  the  description  of  “I’au/o- 
stome  chinois”,  quoted  below  p.  339  [73]  note  14.  Through  some  mistake  the  names  have 
simply  been  exchanged. 

The  most  important  contributions  are  given  by  Starks  (55);  after  having  pointed  out 
the  characteristics  for  the  “superfamily”  e.  g.  that  “parietals  are  absent,  pterotic  interposed 
between  and  entirely  separating  prootic  from  exoccipital;  condyle  of  basioccipital  a round 
knob”  etc.  (p.  624),  he  states  for  Aulostoma:  “post-temporal  not  united  to  cranium;  palatines 
united  to  each  other  and  to  cranium;  each  transverse  process  behind  fourth  vertebra  is 
formed  equally  bj"  a process  from  each  adjoining  vertebra  (or  each  end  of  each  vertebra 
carries  a half  of  each  transverse  process)”;  and  p.  629  he  gives  the  following  description  of 
the  skull : “The  epiotics  are  large,  low,  conical  bones  on  each  side  of  the  supraoccipital.  Each 
articulates  to  the  frontal  anteriorly,  to  the  exoccipital  posteriorly,  and  to  the  pterotic  at  its 
outer  edge.  The  pterotic  forms  the  posterior  lateral  angle  of  the  cranium.  It  is  anterior  to 
the  exoccipitals,  which  form,  with  the  basioccipital,  a posterior  projection.  The  exoccipitals 
project  downwards  on  each  side  far  below  the  condyle  of  the  basioccipital.  They  meet 
broadly  above  the  foramen  magnum,”  A full  and  in  all  essentials  very  correct  description  is 
given  of  the  shoulder  girdle,  illustrated  with  a figure.  The  only  point  in  this  description  I 
wish  to  correct  is  the  statement  on  p.  630:  “The  hypocoracoid  (my  coracoid)  is  attached 
along  its  entire  anterior  edge  to  the  clavicle  without  leaving  the  usual  opening  between.” 
The  opening  is  really  found,  but  very  small  indeed;  cf.  my  fig.  5,  PI.  III. 

The  branchial  arches  are  figured  by  Rathke  (44,  Tab.  I,  Fig.  4,  Aulostoma  (Fistularia) 
chinense).  The  figure  is  correct  in  every  essential;  his  description,  given  below,  as  well  as 
tbe  explanation  of  the  figure  and  the  tabular  summary  on  p.  19  show,  that  R.’s  interpretation 
of  the  component  parts  is  also  the  right  one.  He  writes  on  p.  17:  ‘’Anmerkung.  Eine  sehr 
merkwurdige  Abweichung  von  der  Regel,  nach  welcher  bei  den  Grathenfischen  die  Kiemen- 

' I have  not  been  able  to  find  anything  about  the  Notacanthini  in  the  continuation  of  Kner’s 
work  in  the  43th  and  44th  vols.  of  the  Wiener  Sitzungsberichte. 
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bogen  gebildet  sind,  bietet  die  Fixliilaria  (Aiilostomo)  chiiiensis  dar.  Bei  ihr  hangen  nur  die 
zu  deni  vordersten  Bogen  geborigen  Segniente,  deren  es  3 giebt,  unter  einander  innig  zusani- 
nien:  von  den  4 Segmenten  aber,  die  eineni  jeden  der  2 folgenden  Bogen  angelioren,  nst  bei 
Exemplaren  dieses  Fisches,  die  eine  Liinge  von  fast  1 ’/2  Fuss  haben,  das  dritte  und  ausserst 
kleine  von  deni  zweiten  mid  betracbtlicb  grossen  nngefahr  uni  3 bis  4 Linien  nacb  oben  bin 
entfernt;  und  uni  eben  so  weit  stelien  aucb  die  beiden  Segniente  von  einander  ab,  die  deni 
vierten  oder  luntersten  Kienienbogen  zugelioren,  und  wovon  das  oberste  deni  vierten  Segniente 
der  beiden  davor  liegenden  Kienienliogen  entspricht.  Die  Liicke  zwisclien  den  angegebenen 
Gliedern  wird  allein  durcb  die  Haut  des  Scliliindes  ausgefiillt”  Tbe  elongated  glossoliyal  is 
notieed  on  p.  4.  On  the  other  side  the  statement  about  tbe  opercular  apparatus  being  only 
composed  of  2 pieces  (1.  c.  p.  76)  is  wrong.  Bathke’s  figure  is  copied  by  BkChl  (6  a,  Tab.  IV, 
fig.  11)  and  bis  statements  referred  to  1.  c.  p.  119;  and  also  repeated  by  Duvernoy  in  Cuvier’s 
Fecons,  T.  VI  I,  p.  257,  p.  268.  This  information  seems  to  have  been  quite  overlooked  later. 
The  next  author  who  mentions  the  branchial  skeleton  is  Cope  (8,  p.  457)  who  (incorrectly) 
states:  “Superior  branchibyals  (=  epibranchials)  cartilage,  three  superior  pharyngeals  (=  pha- 
ry  n go  b r a n cli  i a 1 .s).” 

•'  p.  280  [14].  But  little  information  regarding  the  visceral  anatomy  of  the  Au/os/o/mV/te 
or  Fistiilarida’  is  found  in  tbe  literature. 

Already  Duvernoy  (in  Cuvier's  Le^'ons  etc.  2.  Fdit.,  4tb  vol.,  2,  p.  143)  iiointed  out  that 
in  Cuvier's  family  “Lcs  bonchcs-en-lhile”  the  intestinal  canal  did  not  possess  any  stomachal 
blind-sac;  be  adds:  “Le  canal  alinientaire  senible  tout  d une  venue;  a peine  iieut-on  y recon- 
naitre  une  premiere  jiartie  distincte  (]ui  serait  I’estoniac.”  But  Duvernoy  seems  only  to  have 
examined  ('cntriscns  scolopa.v  \ not  Fisliilario  nor  Aulostoma  (nor  Amphisile). 

Of  internal  structures  in  Aulustotna  GOnther  (16  a,  p.  537)  gives  the  following  account: 
“Tbe  stomach  is  siiacious,  elongate,  with  thin  membranes,  which  become  thicker  towards 
the  pylorus;  it  jiasses  without  curvature  or  dilatation  into  tbe  intestine,  which  is  extremely 
short,  quite  straight,  without  curve  or  circumvolution,  and  rather  wider  at  its  commencement 
than  posteriorly;  two  jiyloric  appendages  of  moderate  size  on  each  side  of  the  pyloric  jjor- 
tion  of  the  stomach.  Air  bladder  large.” 

In  tbe  stomach  G.  found  remains  of  small  fish.  (LACfiPEDE  31,  T.  10,  p.  101  mentions 
fish-eggs  and  worms.)  Curiously  enough  neither  GCnther  nor  later  authors  mention  the 
])osition  of  the  anal  ojiening  close  behind  the  ventrals  and  far  from  the  anal  fin. 

The  number  of  gills,  the  presence  of  a jjseudohranchia  and  the  slit  behind  the  4th  gill- 
arch  are  rightly  mentioned  by  previous  authors  (LacFpede,  GUnther,  Jordan  etc.). 


Fistularia. 

7 p.281  [15J.  Minute  dermal  asjierities  in  Fistularians  are  mentioned  for  the  first  time 
by  Klunzinger  (27,  p.  515).  In  a very  young  s])ecimen,  13  Ctm.  long,  from  the  Bed  Sea,  which 
he  considered  as  representing  a new  sj)ecies  (Fistularia  villosa  KIzgr.)  he  found  the  “Bumpf 
dicht  mit  kurzen  weichen  Dornchen  oder  Harchen  i'lherzogen.”  Later  Hilgendorf  (17,  p.  231) 
observed  the  same  asperities  in  two  small  specimens,  one  (1"8  mm.)  from  Japan,  another  from 
New  Britain,  and  concluded  that  they  as  well  as  Klunzinger’s  F.  villosa  simply  were  young 
stages  of  F.  serrata  Cuv.,  “die  im  erwachsenen  Zustande  nackt  ist.”  Apparently  without  know- 
ing Ililgendorfs  observations  LCtken  (33,  p.  584  [176])  also  declared  that  F.  villosa  Klzg.  must 
be  the  young  F.  serrala,  to  which  he  referred  a specimen  of  130  mm.  length  in  the  Museum 

' 1 very  much  regret  in  my  first  contribution  (1908)  to  have  completely  overlooked  that  Cuvier’s 
Lecons,  1.  c.  p.  143,  and  especially  p.  365,  contain  a complete  description  of  the  alimentary  canal  of 
Ccntriscus  scolopax;  inter  alia  it  points  out  the  entrance  of  the  bile-duct,  and  concludes:  “Ici,  comme 
dans  les  C3'prins,  I'lesophage  et  I’estomac  reunis,  sont  rudimentaires.”  On  p.  492  the  liver  is  described, 
p.  564  the  gall-bladder  mentioned,  and  p.  612,  absence  of  the  pancreas. 
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of  Copenhagen,  coated  wtth  'spinelets;  and  further,  LIItken  stated  that  he  found  a similar 
coating  well  developed  on  the  tail  and  posterior  part  of  the  body  of  a F.  tahacaria  of  280  mm. 
length  and  not  completely  disappeared  from  the  tail  of  another,  still  larger  specimen  of 
415  mm.  length ; hence  he  concluded  that  the  species  F.  serrata  and  tahacaria  both  went 
through  a “n;7/o.sa- stage”,  w’hich  in  the  latter  apparently  was  of  greater  duration.  That 
LCtken  (like  Hilgendorf)  considered  „F.  scrrala”  as  always  naked  in  the  adult  state  is  easily 
explained  through  the  fact,  that  his  material  of  Fistularians  from  the  Indo-Pacilic  really 
contained  only  the  F.  dcpressa  Gthr.  Quite  naturally  therefore  he  referred  his  young  „villose” 
sj)ecimen  of  130  mm.  length  to  a naked  „F.  serrata”;  now  1 refer  the  same  specimen  to  the 
species  F.  pctiinha  not  only  on  account  of  its  rough  skin  but  also  because  the  head  shows 
the  characteristics  of  this  species.  The  splitting  u])  of  the  old  F.  serrata  into  two  species, 
the  one  naked,  the  other  rough,  is  due  to  GOntheu  (16  c,  p.  08);  only  the  fir.st  he  designated 
with  a new  species-name,  depressa,  while  he  left  the  old  name  serrata  for  the  latter,  the  rough 
one,  for  which  Jordan  (&  Gilbert)  later  perhaps  more  correctly  introduced  as  new  name 
petirnba,  originally  u.sed  by  Lac^pede  for  specimens  captured  by  Gommerson  in  the  Indo- 
Pacitic. 

8 p.  282  [16].  These  structures  were  observed  by  GGnther  1 16  a,  p.  531),  and  earlier  by 
Agassiz  (1,  T.  4,  p.  278;  comp.  p.  338  [72]). 

9 p.  282  [16].  The  median  scales  in  F.  petirnba  were  also  observed  by  GCnther  {„F.  ser- 
rata” 16  a,  p.  535),  and  compared  by  him  to  the  dorsal  spines  of  A idostoma  : “They  are  evi- 
dently rudiments  of  the  sjiinous  portion  at  least  of  the  dorsal  fin,  which,  in  Aulostoma,  is 
more  developed,  the  spines  being  free.”  It  seems  difficult  to  understand  how'  the  author 
would  be  able  to  reconcile  this  hypothesis  with  the  fact  that  F.  petirnba  has  scales  or  “spines” 
of  quite  the  same  structure  along  the  belly  and  on  the  upper  and  lower  side  of  the  tail. 
Their  presence  on  “the  abdomen”  G.  himself  has  mentioned. 

10  p.  282  [16].  The  ossicles  of  the  lateral  line  have  been  noticed  by  several  previous 
authors  (GCnther  a.  o.). 

11  ]).  282  [16].  The  number  of  vertebrae  is  dilferently  given  by  different  authors;  thus 
e.  g.  Cuvier  (9  b,  T.  1,  p. 23li  has  56  abdominal,  33  caudal  vertebrae,  GCnther  (16  a,  p. 529) 
4 -1-49133  in  F.  tahacaria;  (p.  533)  47/34  (Rtipp.),  47/29  (Rosenthal)*  in  F.  serrata;  Jordan  and 
Evermann  (21  a,  p.  756):  4 4- 44  to  49  -1-  28  to  33.  Probably  the  number  varies  individually 
within  narrow  limits,  with  no  value  for  the  distinction  of  the  species. 

12  p.  284  [18].  Remarks  about  the  vertebral  column,  or  more  or  less  incomplete  descriptions, 
are  found  in  various  authors.  The  modification  of  the  anterior  part  has  earlj'  been  observed, 
but  as  far  as  I am  aware  Cuvier  was  the  first  to  settle  its  composition  of  four  vertebra' 
in  the  almost  complete  and  correct  description  of  the  column,  given  in  the  second  edition 
of  his  Lecons  etc.  (1835,  9 b,  T.  1,  p.  227).  LacFrede  (31,  T.  10,  p.  95)  and  Rosenthal  (47,  p.  31) 
regard  the  anchylosed  part  as  one  single  vertebra,  while  Meckel  (35,  j).  232)  has  at  all  events 
indicated  a compound  structure  in  the  following  words:  “Rei  Fistnlaria  besteht  gleichfalls 
der  erste,  sehr  liingliche  Wirbel  aus  mehrern,  (lurch  Fugen  verbundenen  Stiicken”,  and 
Cuvier  & Valenciennes  (10,  j).  359)  speak  of  coalescence  of  vertebrae  in  this  way:  “Plusieurs 
[poissons]  ont  aussi  les  corps  d’une  partie  de  leur  vertebres  soudes  ensemble;  on  en  voit  des 
exemples  dans  les  cyprins,  les  silures  el  les  fistulaires,  et  de  ])lus  marques  encore  dans  un 
grand  nombre  de  chondropterygiens.”  Agassiz  (1,  T.  4,  p.  276)  uses  rather  indistinct  terms: 
“La  colonne  vertebrate  offre  cela  de  tres-particulier,  que  toute  sa  partie  anterieurc  ne  prC'senle 

* Gcnthkr  has  not  observed  that  Rosenthal  counts  the  4 anterior  vertebrae  as  one;  the  number 
thus  ought  to  be  quoted  as  50  29. 
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qu’une  masse  continue  sans  articulation.  Les  vertebres  ne  commencent  a etre  distinctes  que 
pres  des  ventrales.” 

Figures  of  the  whole  skeleton  are  given  by  Rosenthal  (47,  Tab.  9,  Fig.  8)  (“Fist,  serrata", 
if  F.  petimba  or  depressa  1 am  not  able  to  decide)  and  Agassiz  (1,  Atlas,  Vol.  4,  Tab.  35,  Fig.  1) 
{F.  tahacaria,  wrongly  on  the  plate  designated  as  Aiilostoma  chinense)-,  in  both  figures  the  system 
of  ossified  tendons  along  the  vertebrie  is  omitted.  Separate  figures  of  the  anchylosed  anterior 
part  are  given  by  BrOhl  (6  a,  Tab.  9,  Fig.  38,  40;  6 b,  Tab.  10,  Fig.  10, 11;  in  both  works  F.  taba- 
caria')  and  Owen  (38,  j).  41,  Fig.  35,  F.  labacaria;  copied  by  Goodrich  15,  p.  412).  A very  detailed 
and  elaborated  description  of  the  anterior  coalesced  vertebra?  is  found  in  Klein  (26  a,  p.  327 
—28);  nevertheless  K.  declares  that  he  was  not  able  to  find  “real  sutures”  between  the  com- 
ponent vertebne,  and  therefore  he  feels  not  quite  sure  about  their  number,  but  supposes  it 
to  be  four.  BrOhl  furthermore  has  figured  otlier  parts  of  the  vertebral  column  (esp.  in  6 b. 
Tab.  10,  Figs.  9— 15,  17—23),  but  some  of  his  figures  are  not  quite  correct  (e.  g.  13.  19  and  others). 
He  seems  to  be  the  only  author,  who  figures  anything  of  the  ossified  tendons,  of  which  one 
only  is  represented  in  6 b.  Tab.  10,  Fig.  23;  the  text  says:  “r— r':  an  die  spina  angelegter,  sehr 
langer,  km'ichener  Flossenstrahl.”  1 suppose  that  GOnther  is  speaking  of  these  structures 
when  he  states  (16  a,  p.  533):  “. . . the  interneurals  long,  horizontally  situated,  so  that  they  form 
together  one  continuous  bony  strip.”  Evidently  G.  has  not  observed  the  paired  symmetrical 
arrangement  of  the  structures  in  question.  Also  Agassiz  possibly  has  these  bones  in  view 
(and  not  only  the  nuchal  jilates?)  when  he  writes  (1,  T.  4,  p.  278):  “Enfin,  il  y a de  semblables 
pieces  allongees,  sur  la  ligne  mediane  du  dos,  qui  semhlent  rapjieler  la  tendance  qui  regne 
generalement  chez  les  Aulostomes,  a avoir  une  dorsale  epineuse.”  " The  “pieces  semblables” 
are  evidently  the  spindle-shaped  bones  imbedded  in  the  skin  of  Fist,  tabacaria,  forming  the 
strip  along  each  ventral  side  peculiar  just  for  this  species  and  mentioned  on  p.  281  [15]  of  this 
work;  this  will  be  seen  from  the  words  immediately  preceding  the  above  quotation:  “En 
avant  des  ventrales,  ct  depuis  leur  insertion  jusqifau  bout  de  la  queue,  on  remarque  en  outre 
une  serie  de  lames  cornees,  acerees,  et  qui  paraissent  avoir  quelque  analogie  avec  les  ecus- 
sons  abdominaux  des  Belones.” 

The  3 nuchal  plates  seem  first  to  have  been  sjiecially  noticed  by  GCnther  (16  a, 
p.  532),  who  describes:  “A  narrow  strip  [of  shiekfs]  along  the  median  line  of  the  back  behind 
the  skull;  they  are,  in  fact,  confluent  neural  spines,  belonging  to  the  anterior  portion  of  the 
vertebral  column).”  This  interpretation  1 think  must  now  be  given  up.  Later  they  are 
described  by  Klein  (26  a,  ]>.  326)  as  one  narrow  plate,  behind  drawn  out  into  a long  point 
“welches  gespalten  sieh  auf  die  Dornfortsatze  der  3 vorderen  abgesonderten  Wirbel  legt.” 

The  large  lateral  bones,  which  are  fastened  to  the  epiotics,  are  well  described  b}' 
Agassiz  :1,  p.  278)  and  still  better  by  GfNTHER  (16  a,  p.  532).  In  comparing  them  with  the 
similar  structures  in  Mugil  which  GOnther  (cfr.  1.  c.  p.  412)  regards  as  “processes  of  the 
parocci|)ital”,  he  apparently  does  not  consider  them  simply  as  ossified  tendons.  The  same 
comparison  with  Miu/il  is  found  in  Dareste  (11,  p.  1089):  “Les  occipitaux  externes  presentent 
de  tres-grand  prolongements  osseux,  qui  s’extendent  dans  la  region  dorsale  et  sont  fexagera- 
tion  d’une  disposition  qui  se  rencontre  chez  les  Mugiloides.” 

13  j).  284  [98].  While  already  LacLpLde  supposed  the  caudal  filament  to  be  a ray  (31,  T.  10, 
p.  93:  “Get  appendice  ....  ressemble  entierement  par  sa  contexture  aux  rayons  articules  des 

In  the  work  6 b Bruhl  believes  he  is  dealing  with  Aulostoma  chinense;  the  mistake  I think  is 
due  to  the  wrong  labelling  of  a skeleton  in  the  Paris  Museum,  probably  the  same  which  served  Agassiz 
for  his  figure,  mentioned  above,  and  wrongly  designated  as  Aulostoma  chinense  on  his  plate;  but  while 
Agassiz  in  his  text  has  corrected  the  mistake  Bruhl  has  not  been  aware  of  it. 

They  are  at  all  events  figured  on  the  fossil  F.  Koenigii  (1,  T.4,  PI.  35,  Fig.  5),  and  Ag.  remarks 
in  the  description  of  this  species:  “Au  dessus  de  la  colonne  vertebrale  on  remarque  quelques  osselets 
qui  paraissent  correspondre  au  pieces  impaires  du  milieu  du  dos,  que  j’ai  mentionnees  en  decrivant  la 
charpente  solide  du  F.  tabacaria.” 
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nageoires,  et  presente  des  articulations  entierement  analogues  a celles  de  ces  derniers”) 
Meckel  curiously  enough  (35,  p.  200)  believed  it  to  be  a continuation  of  the  vertebrse  (“Bei 
Fistiilaria  findet  sich  die  merkwiirdige  Anordnung,  dass  sich  die  ininier  kleiner  werdenden 
Wirbel  fiber  die  Schwanzflosse  hinaus  in  einen  langen,  sehr  diinnen  Faden  verwandeln, 
welcher  nur  in  seineni  Anfange  in  unvollkommene  Wirbel  abgetheilt  erscheint”).  Kner  {28  b, 
p.  259  [28])  has  partly  seen  the  continuation  of  the  lateral  line  on  the  caudal  filament:  “Letzterer 
(der  Seitencanal)  setzt  sich  durch  die  Mitte  der  Caudale  zwischen  zwei  fadig  verliingerten 
Strahlen  weit  hinaus  fort.” 

The  structure  of  the  fin-rays  generally  is  already  mentioned  by  Agassiz  (1,  p.  278)  in  so 
far  as  he  says  that  they  are  “pen  divises  et  a peine  articules.”  Kner  (28  b,  p.  257  [26])  on  the 
other  side  says  that  in  all  the  fins  the  rays  are  simple,  unjointed  and  unbranched,  and  of  a 
similar  compressed  shape  as  those  in  the  Lophobranchiata.”  He  has  evidently  not  examined 
the  ventrals  carefully  enough. 

n p.  288  [22].  The  cranial  skeleton  of  Fistiilaria  has  early  and  often  been  examined,  but 
a thorough,  sufficiently  illustrated,  description  has  hitherto  never  been  published,  and  very 
many  of  the  statements  made  by  previous  authors  are  incorrect.  The  figures  of  Rosenthal 
(47,  pi.  9,  figs.  8—12)  are  rather  small  and  imperfect,  and  the  explanation  (1.  c.  p.  30)  is  too 
incomplete  and  defective  to  be  of  any  use  now. 

In  the  last  (6th)  volume  of  his  “System  der  vergl.  Anatomie”  (1833)  Meckel  has  given 
some  scattered  notes  regarding  the  visceral  (suspensory  and  branchial)  skeleton.  P.  107—108 
he  describes  and  recognizes  the  3 opercular  bones  and  points  out  the  presence  of  the  pre- 
operculum (cfr.  also  p.  113,  114);  p.  122  he  remarks  that  the  hyoid  (“vordere  Zungenbeinaste”) 
is  small,  flat  and  low  (p.  123),  only  composed  of  two  pieces,  the  first  (i.  e.  the  stylohyal)  and 
second  (i.  e.  epihyal)  being  absent,  and  the  fourth  (i.  e.  the  two  hypohyals  combined)  single 
and  very  small,  and  that  the  whole  is  almost  entirely  made  up  of  the  third  (i.  e.  the  cerato- 
hyal),  which  is  elongated  and  curved  (p.  126) ; it  carries  5 branchiostegal  rays  or  rather  “4, 
because  the  upper  is  split  into  two  branches,  which  form  the  first  and  second  ray.”  P.  135 
it  is  stated  that  the  basibranchials  (die  “tiefe  unpaare  mittlere  Schicht  des  Zungenbeins”) 
are  wanting,  while  a urohj'al  i“das  oherflachliche  mittlere  Zungenbein”)  is  present  (repeated  on 
p.  142  ; p.  148  is  noticed  that  the  glossohyal  (“der  vor  der  Vereinigung  der  vorderen  Seiten- 
aste  liegende  Knochen  oder  Knorpel”)  is  very  long;  p.  152  that  the  branchial  arches  are  small 
and  slender,  and  p.  154  that  they  are  of  a very  simple  structure:  “Von  einer  Theilung  des 
langen,  geraden  Kiemenstuckes  in  zwei  Halften  findet  sich  keine  Spur.  Nur  in  den  vorderen 
Bdgen  findet  sich  ferner  ein  oberes,  sehr  kleines,  nach  vorn  gewandtes,  gleichfalls  gerades 
Stuck,  das  keine  Kiemen  triigt  und  daher  eben  so  gut  oberer  Schlundkopfknochen  seyn  kann.” 
Finally  p.  161  and  p.  162  is  correctly  stated  that  gill-rakers  are  com])letely  absent. 

Agassiz  (1,  p.  277)  describes  quite  correctly  those  features,  which  may  be  seen  without 
separating  a mounted  skeleton,  and  which  might  be  of  use  in  comparing  with  fossils.  Worth 
mentioning  is  that  he  describes  the  3 opercular  bones  rightly.  He  has  seen  the  long  glosso- 
hyal and  counts  5 branchiostegals,  but  besides  he  adds  two  more  at  the  symphysis  of  the 
hyoid;  this  mistake  is  due  to  the  preparation,  in  which  a strip  of  dried  up  skin  is  preserved; 
the  latter  also  accounts  for  the  following  mistake:  “La  membrane  qui  forme  le  tube  buccal, 
entre  I’appareil  hyolde,  les  machoires  et  les  pieces  operculaires,  est  soutenue  par  de  nom- 
breuses  fibres  osseuses  tres-greles.”  In  Cuvier’s  Lecons  etc.  (9  b,  T.  2,  p.  626)  is  found  the 
following:  “Dans  Vaulostome  chinois',  le  museau  est  large,  mince  et  plat  comme  une  epee  a 
deux  tranchants.  Le  mastoidien  (i.  e.  the  posttem])oral)  donne  en  arriere  une  apophyse  qui 
depasse  beaucoup  le  condyle.  Dans  ces  deux  poissons  [Fist,  and  Aiil.],  le  basilaire,  au  lieu 
d’une  facette  articulaire  creuse,  conique,  comme  nous  en  avons  vu  jusqu’a  present,  donne 

* i.  e.  Fist,  tabacaria,  cfr.  above  p.  335  [69]  note  5.  Perhaps  the  same  wrong  labelling,  which 
caused  the  designation  of  F.  tabacaria  as  Aulostoma  chinense  on  pi.  35  in  Agassiz’s  work  as  well  as 
Brchl’s  mistake,  is  also  the  cause  of  the  exchanging  of  the  same  names  in  Cuvier’s  Lecons. 

I).  K,  I).  Vldensli.  Selsk.  Skr.,  7.  U.'ekke.  naturvulensk.  malhem.  Afd.  VIII,  5.  44 
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ail  contraire  une  facetle  convexe,  et  qiii  forme  un  veritable  condyle  seniblable  a celui  des 
reptiles.’' 

In  Kostlin's  , from  a modern  view,  somewbat  curious  work  (30)  observations  about 
cranial  structures  in  the  most  dilFerent  lishes  are  scattered  in  a rather  bewildering  way; 
among  these  also  some  remarks  on  Fisliilaria.  On  p.  317  be  says:  “Audi  bei  Fistularia  und 
Syngnathus  scbcincn  sich  die  beiderseitigen  Scheitelbeine  binter  der  scbmalen  Hinterhaupt- 
schuiipe  cin  wenig  zu  beri'diren. ' What  are  here  named  parietals  are  evidently  the  epio- 
tics;  thus  for  Fistularia  the  observation  is  correct,  but  not  for  Siiiujnalliiis.  The  structure  of 
the  ethmoidal  region  in  F.  seems  quite  obscure  to  K.,  as  be  ]).  343  ascribes  nasals  to  Fislu- 
laria,  but  coalesced  with  the  ethmoid  “as  in  Trif/la  and  [Ieterohraiichus’\  and  further  on 
]),  3()1  about  the  antorbital  bone:  “Eine  besondere  Grosse  erreiebt  die  Platte  bei  einigen 
Fiseben,  deren  Nasenbeine  oder  deren  Siebbeine  ungewdbnlicb  entwickelt  sind.  So  streckt 
sie  sich  bei  Fistularia  an  jedem  Handc  des  Siebbeins  sehr  lang  nach  vorn  aus;  bei  Syngnathus 
und  Lepidoleprus  zieht  sie  sich,  wie  die  angrenzenden  Nasenbeine,  sehr  lang  nach  vorn  aus.” 
Does  K.  mean  the  lateral  parts  of  the  mesethmoid?  On  p.  362  an  arch  of  infraorbitals  is 
ascribed  to  Fistularia.  On  j).  378  the  suspensory  apparatus  for  the  mandible  is  mentioned 
in  terms  rather  difficult  to  understand,  but  to  which  the  key  is  found  on  ]).  375,  where  K. 
compares  bis  terminology  with  that  of  CuviEU : “Endlicb  ist  von  den  Acantho])terygiern  noch 
Fi.stularia  zu  nennen,  wo  die  einzeln  Stiicke  der  Quadratbeingruppe  sich  so  gegen  einander 
verschieben,  dass  das  untere  Stiick  (i.  e.  the  quadratum)  viel  mchr  nach  vorn  liegt,  als  das 
obere  (i.  e.  the  byomandibular);  der  gewohnliche  Zusammenhang  der  Stucke  wird  aber  darum 
nicht  aufgehoben.  Sowobl  das  untere  (a:  cpiadratum)  als  das  vordere  Stuck  i i.  e.  the  meta- 
pterygoid) sind  bier  in  die  Eiinge  gezogen;  dieses  bildet  den  unteren  Rand  der  Augenhohle 
und  articulirt  mit  dem  vordern  Stirnbein;  das  untere  Stiick  (o:  quadratum)  griinzt  theils  an 
das  Fliigclbein  (i.  e.  entopterygoid)  theils  an  das  Siebbein  (which  latter  statement  is  wrong!), 
und  die  Gelenkllacbc  ist  mit  ihm  ganz  nach  vorn  geriickt;  das  obere  Stiick  (o:  the  byoman- 
dibular) ist  sehr  klein  und  verkiimmert.”  As  will  be  seen  on  closer  examination,  K.  regards 
the  .symplectic  and  the  metapterygoid  as  one  jiiece,  not  to  mention  the  smaller  defects.  He 
adds:  “Unter  den  iibrigen  Fiseben  kommt  fast  dieselbe  Anordnung  bei  Syngnathus  vor”, 
which  to  a certain  degree  may  be  true! 

BhChe  (6  a.  Tab.  t),  Fig.  38)  has  figured  the  skull,  but  bis  figure  does  not  give  details  of 
any  im|)ortance.  The  lettering  shows  only  some  of  the  most  conspicuous  ])arts,  such  as 
Agassiz  had  already  mentioned.  Of  the  suspensorial  parts  and  adnexa,  for  examjjle,  he 
evidently  has  only  recognized  the  preoperculum  (Pop)  and  quadrate  (u.  Gb.,  i.  e.  “unteres  Ge- 
lenkbein”),  while  the  whole  jialato-jiterygial  part  is  marked:  o.  St  and  Gb?  (i.  e.  “oberes  Stiick“ 
and  „Gelenkbein”?;  that  is  to  say  H.  was  not  able  to  make  out  its  composition).  BrOhe’s 
text  contains  but  very  few  observations,  dispersed  in  a similar  way  to  those  of  KOstiun. 
P.  88,  speaking  of  the  dilFerent  ways  in  which  “Schnabelbildungen  ” may  arise  in  fishes,  he 
states  that  one  way  (the  fourth)  may  he  “Durch  einen  sehr  gestreckten  Riechheinkor])er  mit 
Ilidfe  ahnlicher  Ilaiqit-  und  vorderer  Stirnheine(?)  bei  kfistularia,  Aulostoma.  Dass  Zwischen- 
und  Oberkiefer  bier  keinen  Antheil  an  der  verlangerten  Kopfhildung  hahen,  zeigt  die  ehen 
cit.  Figur  (Tab.!),  Fig.  38),  wo  die  genannten  Knochen  (ibid.:  Z.  K.  und  ().  K.'  kleine  ahsteigende 
Knochenstiele  dar.stellen. " On  p.  !)(>  he  mentions  Polypterus,  Synhranchus,  Tetraodon  and 
Fistularia  as  exami)les  of  fishe.s,  where  the  pterygo-palatine  arch  has  given  uj)  its  articulation 
with  the  skull  and  acquired  a connection  by  means  of  suture.  P.  Ill  he  observes  that  “Der 
Zungenknochen  (i.  e.  the  glossohyal;  ist  sehr  lang  bei  Aulostoma  chinense  (after  Rathke), 
Fistul.  tabacaria  and  Syngnathus. " On  p.  123,  Note  4,  he  states  against  Rathke  (who  (44,  p.  77) 
ascribes  only  one  opercular  bone  to  Fistularia  and  several  other  genera)  that  his  figures 
show  for  Fistul.  as  for  several  other  genera  that  the  ojiercular  apparatus  is  “mehr  weniger 
normal  gebaut  d.  i.  aus  4,  3 und  wenigstens  2 Stiicken  bestehend.”  The  lettering  of  his  Fig.  38 
on  PI.  9 shows  that  he  only  recognized  2 in  Fistularia,  and  th:d  he  regarded  the  intcro])er- 
culum  as  the  suboperculum,  while  the  real  subo])erculum  is  omitted. 
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B}'  far  the  most  complete  and  correct  account  of  the  skull  is  that  of  GOntheu  (16  a, 
j).  532).  After  having  described  the  general  form  and  the  frontals  he  says:  “The  greater  part 
of  the  upper  surface  of  the  snout  is  formed  by  the  ethmoid,  whilst  the  vomer  occupies  the 
anterior  fourth  or  fifth.  The  prsefrontal  is  situated  in  front  of  the  orbit,  elongate  and  tri- 
angular. There  is  a deej)  and  long  groove  on  the  side  of  the  snout  for  the  muscles  of  the 
Jaws;  its  bottom  is  entirely  ossified,  and  formed  by  the  tympanic  (the  quadrate),  i)reoi)erculum, 
entopterygoid,  pre-  and  mesotympanic  (=  metaptcrygoid  and  symplectic),  these  bones  being 
exceedingly  long.  The  entopterygoid  (=  entopterygoid)  and  prctympanic  (=  metajjterygoid) 
are  situated  immediately  below  the  ethmoid,  and  provided  with  a crenulated  ridge  which  is 
externally  visible.  The  bones  which  in  other  fishes  constitute  the  bottom  of  the  tymjianic 
cavity  below  the  orbit,  are  carried  forwards  before  the  orbit  in  Fistiilaria tbe  epityiiqianic 
(=  hyomandibular)  appears  to  be  absent.”  And  later  is  added;  “Turbinal  bone  (=  nasal)  very 
small;  infraorbitals  none.” 

On  page  530-31  the  3 opercular  bones  are  correctly  described,  as  well  as  the  branchi- 
ostegals,  but  in  “F.  serrata  ' G.  (p.  534)  incorrectly  gives  the  numbers  as  6.  The  absence  of 
gill-rakers  is  noted  as  well  as  the  “series  of  three  elongate  patches  of  (villiform)  teeth  on 
each  side  of  the  roof  of  the  pharynx”  and  the  long  series  of  teeth  on  the  lower  pharyngeals; 
features  which  already  L.vcf;i>KnE  (31,  p.  92;  had  jiointed  out  (but  L.  regarded  the  operculum 
as  composed  of  only  one  piece).  “The  glossohyal”,  GOntiier  finally  adds,  “is  exceedingly 
long,  half  as  long  as  the  tube." 

Thus,  with  the  exception  of  the  statements,  that  the  hyomandibular  (“ei)itympanic”)  is 
absent  and  a nasal  (“turbinal")  present,  GCntheu's  above-quoted  description  proves  to  be 
quite  correct;  but  excei^t  few  remarks  on  the  frontals  he  does  not  give  any  information  what- 
ever about  the  bones  composing  the  brain-case.  Ten  years  later  Dareste  (11,  p.  1089)  gave 
the  following  account,  which  seems  inferior  to  that  of  Giinther,  and  contains  some  errors 
emphasized  by  me  below:  “Le  type  des  Fistulaires  est  caracterise  tout  d’abord  i)ar  fallongement 
de  la  region  delatete  qui  precede  la  cavite  cranienne:  les  frontaux  princiimux,  tres-allonges  et 
sondes  entre  eux,  sont  precedes  par  un  ethmoide  excessivement  long,  lequel  est  lui-meme 
precede  par  un  vomer  egalement  assez  long.  Ot  allongement  des  os  anterieurs  du  crane 
s acconqjagne  d un  allongement  considerable  de  I’ailc  lemi)orale;  done  les  trois  os  principaux, 
temporal  (=  hyomandibular),  tympanique  (==  metapterygoid)  et  jugal  (=  quadrate),  sont  son- 
des ail  sphenoide  dans  toute  leur  etendue.  An  contraire,  les  machoires  et  I’aile  palatine 
sont  fort  petites.  L’aile  palatine  s’unit  an  vomer  non-seulement  par  le  palatin,  mais  aussi 
par  le  pterygoidien  interne.  Les  frontaux  anterieurs  sont  tres-ecartes  des  palatins.  La  boite 
cranienne,  tres  petite,  ne  porte  ])as  de  veritable  crete.  Les  frontaux  princiiiaux  s’unissent 
aux  mastoidiens  (=pterotics)  et  aux  frontaux  posterieurs.  Les  occipitaux  externes  (=epiotics) 
presentent  de  tres-grands  j) r olo nge  m en  t s osseux,  qui  s’etendent  dans  la  region  dorsale  et 
sont  l exageration  d une  disposition  qui  se  rencontre  chez  les  Mugiloides.” 

Thus  Dareste  has  not  observed  anything  about  the  most  remarkable  points  in  the 
composition  of  the  brain-case  either:  the  relation  of  the  pterotics,  and  of  the  epiotics  to  their 
neighbours  and  the  absence  of  parietals  etc. 

The  first  author  to  analyse  in  details  the  skull  of  Fistiilaria  is  Klein. 

Klein  (26  b and  c;  has  given  most  elaborate  and  jiainstaking  descrijitions  of  the  single 
bones  comjiosing  the  skull  (not  of  the  suspensorial  nor  the  branchial  skeletal  parts),  descrip- 
tions which  hardly  anybody  will  be  able  to  understand  without  having  the  necessary  prepa- 
rations in  his  hands;  and  even  so  it  is  hard  work  to  follow  the  author.  I can  therefore  well 
understand  that  .Swinnerton  (56  a,  ]l  575)  has  given  up  the  “attemjit  to  explain  the  why  and 
the  wherefore  of  Klein's  tangle  in  describing  the  auditory  region.”  Nevertheless,  the  descrip- 
tions are  generally  very  correct,  but  tbe  interjiretations  are  often  more  or  less  deficient. 
Through  careful  study  of  Kl.’s  work  it  will  he  evident,  that  — overlooking  the  dividing 
suture  — he  regards  the  prootic  and  the  jiostfrontal  as  one  jiiece,  which  together  with  the 
pterotic  he  designates  “ala  temporalis”;  as  “ala  orbitalis  " he  considers  the  alisjihenoid,  which 
he  quite  correctly  describes  with  all  minutiae.  The  posttemporal  is  regarded  as  “squama 
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tem])oralis”,  or  pterotic,  in  spite  of  the  fact,  that  he  has  rightly  observed  that  the  “hinder 
I)art”  of  his  “ala  temporalis”  contains  the  exterior  semicircular  auditory  canal,  as  the  pterotic 
does  in  other  fishes,  and  that  his  “squama  temporalis”  here  does  not  take  any  share  in  the 
formation  of  the  wall  of  the  hrain  cavity,  as  the  jiterotic  normally  does.  The  coalesced 
ejiiotics  together  with  the  supraoccipital  are  described  as  “occipitale  superius”;  hut  he  has, 
however,  observed  (b,  p.  144)  that:  “Die  in  den  (iehorkap.seln  sich  entwickelnden  occipital, 
extern.,  ejiiotica,  sind  mit  der  untern  niiche  des  occipital,  suiierius  verwachsen",  which  fact 
he  later  repeats  (c,  p.  186  and  especially  ji.  207).  In  a iiarenthesis  on  p.  142  he  states:  “jiarietal. 
lassen  sich  nicht  als  abgesonderte  Platten  darstellen”,  and  later,  on  ]>.  246  he  declares,  that  he 
has  not  been  able  to  find  jiarietals  in  several  fishes,  among  others  Gasterusteiis  (where  jiarie- 
tals  are  present!)  and  Fislularid-,  “sie  sind  entweder  als  vollig  mit  den  frontalia  verwachsen, 
Oder  uherhaupt  fehlend  zu  hetrachten.”  He  rightly  describes  the  iiarasphenoidal  fossa  for 
the  eye-muscles  and  jioints  out  that  there  is  no  pro[)er  eye-muscle  canal;  further  the  pre- 
frontals  (b,  ji.  188)  (only  his  remark  about  the  attachment  of  the  “Infraorhitalbogen”  is  wrong, 
in  as  much  infraorhitals  are  totally  wanting!).  In  the  snout  region  (b,  p.  221— 22)  he  commits 
a mistake  in  regarding  the  whole  dorsally  visible  part  as  one  hone,  the  mesethmoid,  his 
“sei)tum  narium”;  his  “vomer"  is  only  the  ventrally  ])rojecting,  keelsha])ed  part  of  the  real 
vomer  (the  i)art  carrying  teeth).  Finally  (b,  p.  2.'il;  he  mentions  Fisliilarin  among  other  fishes 
wliich  lack  nasalia.  It  is  worth  i)ointing  out  that  Klein  is  the  only  earlier  author  — as  far 
as  I have  seen  — who  has  examined  the  inner  aspect  of  the  hrain-case;  the  descriptions  of 
the  inner  structures,  which  — it  may  he  said  by  the  way  — are  by  no  means  easy  to  make  out, 
are  disjiersed  throughout  his  work;  a good  deal  is  to  he  found  in  (c)  on  page  206—07.  Upon 
the  whole  Kl.’s  account  is  veiw  scattered;  the  principal  descriptions  of  the  posterior  part  of 
the  skull  will  he  found  in  (a,  p.  325)  h,  pp.  141  — 144;  of  the  anterior  part  188—89;  j).  221—222; 
several  details  are  found  in  c,  p.  140,  186,  206  etc. 

Jordan  and  Evermann  state  ,21  a,  p.  755)  that  the  long  tuhiform  snout  in  Fistiilaria  is 
“formed  by  the  symiilectic,  ])rocthmoid  (=1  |)refrontal),  metaiitcrygoid,  mesoiiterygoid  (=  ento- 
pterygoid),  (piadrate,  palatines,  vomer,  and  mesethmoid.”  “Post-temporal  coossified  with  the 
cranium.  Branchiostegals  5 to  7.”  “(lill-rakers  obsolete.  Basihranchial  elements  wanting.” 
And  on  j).  756  they  add  a tabular  formula  of  the  branchial  skeleton  after  Mr.  Butter,  which 
is  correct,  save  on  two  jioinls:  1)  a first  basihranchial  is  i)rescnt,  and  2)  the  3 pharjmgo- 
hranchials  are  to  he  referred  to  the  second,  third  and  fourth  arch,  not  to  the  first,  second 
and  third.  Already  in  1871  Cope  (8,  j).  457),  calling  attention  to  the  structure  of  the  branchial 
skeleton  in  the  fishes,  for  which  he  founded  his  group  Ih'mibranchii,  ascribed  to  Fistiilaria 
“three  osseous  anterior  superior  hranchihyals  (=  epihranchials)  and  three  sujierior  pha- 
ryngeals,  directed  forwards. “ 

Siebenrock  (53,  PI.  5,  Fig.  17)  figures  the  brain-case  of  “/l  serrala  ",  seen  from  above; 
the  figure  is  good  in  most  respects  hut  defective  on  one  essential  point:  the  sutures  between 
the  supraoccipital  and  the  epiotics  are  omitted,  because  S.  regards  the  supraoccipital  K the 
two  epiotics  as  one  bone,  which  he  calls  “Supraoccipitale”  (so).  Describing  on  p.  131  the 
connections  of  the  posttemiioral  (,,Suprascapulare”,  s.  sc.)  he  says:  “Die  sonst  iibliche  Ver- 
bindungsweise  mit  dem  Paroccipitale  (=  ejiiotic)  kann  bier  nicht  stattfinden,  weil  dieser 
Knochen  ganzlich  fehlt.  Fine  weitere  Merkwiirdigkeit  hilden  die  Parietalia,  die  zu  einer 
unpaaren  Platte  vereinigt  sind  und  vom  Supraoccipitale  bei  F.  tabacaria  Linne  nahezu,  hei 
F.  serrala  Bloch  aher  ganzlich  hedeckt  werden.  Daher  reichen  die  Frontalia  (fr.)  so  weit 
nach  ruckwarts,  dass  sie  nach  Wegnahme  der  Suprascapularia  (=  posttemporals)  theilweise 
den  Hinterrand  des  Schadels  hegrenzen  helfen.”  What  S.  here  regards  as  the  coalesced 
parietals  is  simply  the  supraoccipital  (shown  in  my  figure  6 on  PI.  I as  so),  and  there  is  no 
difference  hefween  the  species;  in  my  specimens  of  “F.  serrala”  :i.  e.  peliinba),  the  narrow 
supraoccipital  is  quite  as  visible  as  in  F.  tabacaria. 

SwiNNERTON  (56  a,  )).  575  f.  f.)  conqiares  the  skulls  of  Gaslerosteiis , Sijiujnathiis  and 
Fistiilaria,  which  he  believes  all  to  he  more  or  less  related  to  each  other  and  therefore  has 
put  together  in  one  group,  his  Thoracoslci.  In  quoting  S.  below,  I emphasize  the  mistakes 
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rej^arding  Fislularia.  On  p.  575  S w.  writes;  . all  arc  alike  in  the  absence  of  an  opisthotic* 
and  basisphenoid,  the  even  upper  surface,  the  sculpturinf*  of  the  roofing'  hones,  the  simplicity 
of  the  post-temi)oral,  the  essential  sha])e  of  the  ethmoid  and  the  great  size  of  the 
sui)ra-occii)ital,  which  separates  the  parietals  widely,  and  api)ears  to  separate 
the  hinder  portion  of  the  frontals.  In  (lasterosteus  the  exoccipital  extends  forwards  between 
the  pterotics  and  basioccipital  to  the  pro-otic.  In  the  others  the  pterotic  extends  ventrally 
to  the  basioccipital,  and  also  part  of  the  way  into  the  large  membranous  space  be- 
tween this  and  the  pro-otic,  thus  sei)arating  the  exoccipital  widely  and  the  basiocci- 
pital ])artially,  from  the  i)ro-otic  ....  In  the  sphenoidal  region  of  Fistularia  the  pro-otic 
completely  encloses  the  foramen  for  the  exit  of  part  of  the  fifth  nerve,  and  forms  the  hinder 
boundary  of  tbe  other  exit.  The  large  alisphenoid  forms  the  front  boundary  of  the  rest. 
No  eye-muscle  canal  is  present,  consequently  the  jiarasphenoid  lies  Hat  against  the  door  of 
the  cranium.  Laterally  it  sends  out  processes  up  to  the  sphenotic  = postfrontal; 
in  Fist,  the  process  is  united  to  the  prootic  and  does  not  at  all  reach  the  postfrontal).” 
P.  57(5;  ‘In  the  anterior  portion  of  the  cranium,  Fistularia  and  Syngnathus  present  the  same 
features  as  those  given  above  for  (lasterosteus,  but  it  is  greatly  elongated,  and  almost  com- 
pletely ossified.  In  the  first  this  region  is  proportionally  much  wider,  because  the  narrow 
jire-ethmoid  is  supplemented  laterall}'  by  the  nasals.”  “In  the  visceral  skeleton 
all  are  alike  in  the  tendency  towards  weakening  of  the  branchial  apparatus”,  in  the  great 
forward  slant  of  the  hyomandibular in  the  great  elongation  of  the  symplectic,  in  the 
great  reduction  or  complete  su|)pression  of  the  me  ta])  t e ry  goi  d cartilage"’*',  in 
the  absence  of  an  ectopterygoid"*",  and  in  the  possession  of  the  acrartete  condition.”! 
“In  Fistularia  the  reduction  of  the  branchial  skeleton  has  advanced  much  further  than  in 
Syngnathus,  for  all  the  basibranchi  als  and  the  fourth  epibranchial  are  absent.  The 
pharyngobranchials  of  the  second  to  fourth  arches  are  present,  but,  unlike  those  of  (lastero- 
steus, tbe  first  two  are  fused;  the  third  is  free,  and  all  are  rod-like,  and  lie  one 
behind  the  other.”  P.  577;  “In  the  hyoid  arch  the  basihj'al  (=  glossoh3ud ) though  present 
during  development,  is  absent  in  the  adult  Syngnathus  ff,  but  attains  a great  length  in 
Fistularia.”  “Of  the  bones  immediately  concerned  in  the  gill-cover  and  branchiostegal  mem- 
brane, the  operculum  alone  survives  in  Syngnathus  ftt,  but  are  all  present,  together  with  live 
branchiostegal  rays,  in  the  Fistularia.”  P.578;  “In  Fistularia  the  inner  lamina  of  the 
suborbital  bone  alone  remains,  the  quadrate  is  much  larger  posteriorly,  and  the  ptery- 
goid bone  bears  a close  resemblance  to  that  of  (lasterosteus.  Between  the  hinder  process 
of  the  last  named  bone  and  the  suborbital  is  the  undoubted  metapterygoid,  which  thus 
occupies  a similar  jiosition  to,  but  is  mucb  smaller  than,  a in  Sy  ng  n at  h u s.”  fftf 
What  SwiNNERTON  here  calls  the  suborbital  must  be  the  sx’mplectic  in  Fistularia;  of  sub- 

* In  Gasterosteus  an  opisthotic  is  present! 

*■  In  Gasterosteus  I cannot  admit  any  “weakening”  of  this  apparatus. 

*"*  In  Gasterosteus,  Spinachia,  etc.  the  hyomandibular  is  not  more  sloping  forwards  than  in 
very  many  other  fishes  (nor  in  Syngnathus). 

””  In  Gasterosteus,  Spinachia,  Eucalia,  Apeltes  etc.  an  ossified  metapterygoid  is  present  (over- 
looked by  SwiNNERTON  ill  his  monograph!);  in  Syngnathus  only  (as  in  the  other  Lophobranchiates)  it 
is  absent. 

**'"  The  ectopterygoid  is  present  in  Syngnathus  (and  Lophohranchiates  generally). 

-p  The  acrartete  condition  is  defined  by  Swinneuton  as  the  condition,  in  which  the  attachment 
of  the  palatine  cartilage  or  its  derivatives  is  confined  solely  to  the  preethmoid  cornua.  Now,  in  Fist. 
the  palatine  is  attached  to  the  vomer  alone. 

ff  It  is  present  in  all  adult  Syngnathids. 

fff  In  Syngnathus  and  all  the  Lophobranchiates  all  .3  opercular  bones  are  present,  and  1 or  2 
branchiostegals. 

ffff  a in  Syngnathus  is  the  anterior  infraorbital  bone;  comp,  the  reproduction  of  Swinnerton’s 
figure  50,  p.  35(5  [90]  with  my  fig.  4 on  PI.  V,  and  what  is  said  on  p.  356  [90]  of  this  paper. 
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orbitals  this  fjcnus  has  no  trace  whatever.  From  the  above  quotations  it  will  a])i)ear  that 
(lUNTHEU,  i)iihlishing  in  1861,  had  .by  far  a more  correct  apprehension  than  Swinnehton  in 
1!)02,  of  the  cranial  structures  in  Fisliilario. 

In  his  admirable  paper  on  the  shoulder-girdle  in  the  Hemihranchiates  Stauks  (55,  i).  624) 
correctly  i)oints  out  the  absence  of  opisthotics  and  parietals  and  the  position  of  the  pterotic, 
the  form  of  the  occipital  condyle,  the  i)resence  of  the  long  ossified  lateral  nuchal  tendons 
as  cranial  features  common  to  both  Fistularia  and  Aulostoma.  But  in  adding:  “basisi)henoid 
bridging  anterior  edges  of  |)rootics  above  rectus  muscles  of  eye  making  basis  cranii  ap])ear 
double,  but  no  myodome  in  continuation”,  be  makes  a mistake:  there  is  no  basiphenoid  in 
the  described  position,  the  bridge  is  formed  by  the  prootic  itself,  in  Fistiilaria  together  with 
the  alisphenoid  — as  already  known  to  Klein.  As  osteological  characters  distinguishing  F. 
from  Aiiloslonui  S.  mentions,  that  the  palatines  are  free  from  the  cranium,  the  posttemiioral 
united  suturally  to  the  latter,  and  that  the  transverse  jirocesses  are  normal.  The  latter  point 
is  less  correct,  in  so  far  that  the  double  transverse  processes  are  also  found  in  Fistiilaria, 
the  posterior  one  is  only  very  small  compared  with  the  corresponding  process  in  Aulostoma. 

15  p,  28t)  [23].  While  LACfti’Eni-:  (31,  j).  !)2)  only  observed,  that  the  anterior  iiart  of  the 
body  in  Fistiilaria  was  enclosed  in  a kind  of  armour,  consisting  of  6 long  bony  plates,  hidden 
below  the  skin,  Agassiz  (1,  j).  278^  had  a more  com])lete  notion  of  these  elements  and  referred 
the  large  ventral  plates  to  the  coracoid  (“humeru.s”),  the  lateral  to  the  postclavicle  (“I’os  sty- 
loide”);  besides  he  remarks  that  the  |)terygials  (“os  car])iens”)  are  well  developed. 

Rosenthal  ;47,  |)1.  9,  Text  p.  31 1 designates  the  shoulder-girdle  as  “Giirtel”  (without 
entering  into  its  composition),  the  ])ostclavicle  as  “Seitcnschup])en ”,  the  coracoidal  plates  as 
“Vordere  Bauchschuppen,  die  vom  Winkel  des  (iiirtels  enlstehiT  , the  ossified  nuchal  tendons 
as  “Lange  Buckenschu|)|)en,  die  vom  Hinterhaiqit  abgehn.” 

BuChl  (6  a,  PI.  12,  Fig.  36)  gives  a rather  jioor  and  incorrect  figure  on  which  sc  i.  e. 
“.scapula”)  is  the  postlemporal ; Ihe  suprasca])ular  is  omitled;  Ibe  lateral  (dermal)  part  of  the 
clavicle  is  lettered  V.  A.  1 (i.  e.  “Vorderarm,  erstes  Stuck"  = scajiula  in  the  present  jiajicr); 
the  real  scapula  and  three  pterygials  are  lettered  II.  W.  (i.  e.  “Handwurzel”),  and  the  coracoid 
V.  A.  2 (i.  e.  “Vorderarm,  zweites  Stiick");  the  |)Ostclavicle  and  the  coracoidal  plates  are  marked 
“7  1'”  and  “7  2'”,  probably  indicating  that  they  may  be  regarded  as  sejiarate  parts  belonging 
to  the  two  “Vorderarm-Stiicke '.  In  the  text  nothing  is  found  about  these  questions;  iqion 
the  whole  are  only  found  two  statements,  the  one  wrong  (p.  174),  viz.  that  Fist,  has  only  one 
“Schulterblatttheil”  (the  posttem])oral),  the  other  (p.  176)  lhat  it  has  two  “Ober-  und  Vorderarm- 
knochen.” 

(It-NTHEii  fl6  a,  p.  532)  a])parently  regards  the  jiosttemjioral  as  ])art  of  the  skull:  “The 
process  on  which  the  humeral  arch  is  susiicnded  is  very  long,  reaching  as  far  backwards  as 
the  operculum;  siqirascapula  and  scajiula  (=  suiiraclavicle)  short,  simple;  the  humerus  (i.  e. 
the  clavicle)  emits  a process  backw'ards  for  the  coracoid  (i.  e.  the  jmstclavicle),  another  down- 
wards for  the  radius  and  ulna  (i.  e.  scajiula  and  coracoid),  and  finallj'  a third  for  its  symphysis. 
'I'here  are  three  bones  participating  in  the  symphyseal  .junction  of  the  humeral  arch:  the 
urohyal,  which  is  very  elongate,  the  humeral  and  the  jmbic  bones.  Radius  and  ulna  reduced 
to  a single  subcircular  bone;  there  are  four  narrow,  longish  caiqial  bones  (i.  e.  pterygials).” 

I suppose  that  part  of  the  scapula  is  looked  upon  as  one  of  these  “carpal  bones”,  the  small 
uppermost  pterygial  having  been  overlooked;  otherwi.se  the  statement,  that  there  is  only  one 
subcircular  bone  representing  the  scapula  and  coracoid,  is  unintelligible).  FVirther  down  he 
describes  the  postclavicle  (“coracoid”)  as  composed  of  two  bones;  and  the  ventral  shields 
or  “i)ublc  bones".  Curiously  enough  C.  has  not  seen  that  the  ventrals  are  provided  with 
tyiiical  “])ubic  bones”;  and  in  the  diagnosis  of  the  family  Fistula rida’  (p.  529)  he  exjiresslj' 
states,  that  the  ventrals  “are  separate  from  the  pubic  bones,  which  remain  attached  to  the 
humeral  arch.” 

A very  lengthy  and  circumstantial  description  of  the  shoulder-girdle  (and  the  urohyal)  is 
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“iven  b\’  Klein  (26  a,  p.  326—27);  but,  curiously  enough,  he  does  not  give  any  nior|)hological 
interpretation  of  the  constituents  described  in  so  many  words;  only  the  ventral  coracoidal 
jjlates  he  designates,  like  GCnther,  as  “Heckenknochen.” 

Cope  (8,  p.  457)  regarded  the  coracoidal  plates  as  interclavicles,  and  this  interpretation 
later  has  been  generally  accepted,  until  Starks  (p.  625)  declared  that  these  bones  were  not 
separated  from  the  coracoids.  Thus  we  find  these  elements  called  interclavicles  in  the 
description  of  Jordan  and  Evermann  (21  a,  p.  756,  757),  which  otherwise  in  the  main  follows 
GL'nther  but  uses  other  names;  they  only  sj)eak  of  3 pectoral  ossicles  (i.  e.  pterygials). 

In  Siebenrock’s  paper  (53,  p.  131)  only  the  posttemporal  and  its  connection  wdth  the 
cranial  bones  are  described;  S.  correctly  places  Fist,  among  the  fishes,  which  possess  all 
three  elements  in  the  clavicular  arch:  posttemporal,  sujjraclavicle  and  clavicle. 

Starks  (55,  p.  625,  630)  describes  in  detail  the  ventral  coracoidal  plate  and  the  shoulder- 
girdle,  giving  a very  good  figure.  The  few  jjoints,  in  which  I have  anything  to  add,  will  be 
found  on  pag.  289  [23]  of  my  paper;  they  are  in  the  main  the  structure  of  the  scapula  and 
the  connection  between  the  coracoid  i)lates  from  the  opposite  sides  in  the  ventral  median 
line,  wiiich  latter  point  seems  not  to  have  been  observed  by  Starks. 

Recently  Swinnerton  (56  b,  p.  379)  has  raised  the  question  about  a probable  separate 
existence  of  the  ventral  coracoidal  plates  as  interclavicles  in  the  group  of  fishes,  comprising 
Fistiilaria.  As  his  owm  contribution  to  the  question  only  regards  Gasterusteiis,  wiiich  in  my 
opinion  does  not  at  all  belong  to  this  group,  I shall  later  come  back  to  it  in  treating  of  this 
genus.  Only  I may  just  state  here,  that  the  considerations  set  forth  by  Starks  have  in  my 
o])inion  lost  nothing  in  validity  through  Swinnerton’s  observation. 


16  p.  292  [26].  That  there  are  four  gills,  a well  developed  pseudobranchia  and  a 
slit  behind  the  fourth  gill-arch  has  been  seen  by  previous  authors,  but  some,  Meckel 
f.  i.  (p.  18)  deny  the  presence  of  a pseudo-branch;  alread}'  LacIiPEDE  mentions  the  presence 
of  the  pseudobranchia  here  as  well  in  Aiilustoma  (“le  rudiment  d une  cinquieme  branchie”); 
L.  also  says  that  CoMMERSON  has  found  the  stomach,  in  the  specimens  dissected  by  him,  very 
long,  and  filled  with  small  fishes. 

Kner  (28  b,  p.  29  [260]),  after  having  made  the  followdng  statements:  “die  Rechenzahne 
sind  ausserst  kurz  und  spitz  (they  are  really  w'anting);  Schlundzahne  konnte  ich  nicht  w^ahr- 
nehmen”,  adds:  “Der  Darm  macht  keine  Windungen  (im  lang  ge.streckten  Magen  fand  sich 
ein  Fischchen  vor),  die  diinnwandige  Schwimmblase  reicht  nur  bis  zu  den  grossen  queren 
Fortsatzen  der  Rauchwirbel.”  (Fistiilaria  immaciilata  — F.  serrata  autt.). 

GCnther  il6  a,  p.  535)  gives  the  following  information  about  the  visceral  anatomy  of 
Fistiilaria  (''serrata”):  “The  greater  portion  of  the  case  formed  by  the  bony  shields  behind 
the  head  is  filled  by  the  air-bladder,  the  membrane  of  which  is  thin,  coating  the  interior 
surface  of  the  upper  and  lateral  shiehks,  and  firmly  attached  posteriorly  to  the  muscular 
mass  which  commences  behind  those  shields.  A jiortion  of  the  stomach  and  liver  also  are 
enclo.sed  in  that  anterior  jiortion  of  the  abdominal  cavity.  The  stomach  is  elongate,  sub- 
cylindrical,  and  passes  gradually  into  the  intestine,  which  is  short  and  straight  to  the  vent. 
I observe  onh'  one  short  jiyloric  ajijiendage,  envelojied  by  a portion  of  the  jiancreas,  wdiich 
is  situated  along  the  wdiole  posterior  side  of  the  stomach  and  encircles  its  jiyloric  jiortion. 
The  spleen  is  elongate,  ovate.  The  abdominal  cavity  is  extremely  narrow'  from  the  jioint 
where  the  muscular  mass  of  the  vertebral  column  commences.  The  kidneys  arc  thick  and 
very  long,  extending  along  the  whole  abdominal  cavit\'  ujiw'ards  to  the  air-bladder.” 

The  kidneys  have  been  described  by  Hvrtl  (20  b,  ji.  70)  in  "Fist,  .serrata.”  He  also  states 
that  a urinary  bladder  is  absent,  Rut  some  jiages  before  in  the  same  work,  ji.  38,  he  says: 
“Fine  sehr  unansehnliche  Andeutung  ciner  Harnblase  als  sjiindelformige  Frweiterung  des  ein- 
fach  gewordenen  Harnleiters  habe  ich  an  . . . Fistularia  serrata  . . . w'ahrgenommen.”  I have 
not  been  able  to  see  the  least  trace  of  a bladder. 

The  genital  organs  have  been  correctly  described  by  Hyrtl  ()20  a,  ji.  KMi)  in  F.  serrata. 
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The  olfactory  organ  of  Fisliihiria  has  lieen  (lcscril)ed  by  Buhne  (7,  p.  633).  In  the  accom- 
panying figure  LA('.  (“lacrymal  scute”)  is  the  prefrontal,  N (supposed  to  he  the  nasal)  part  of 
the  ethmoid. 


Syngnathidae. 

1’'  p.  303  [37].  Duncker's  description  (13,  p.  21 — 22)  of  the  two  anterior  body  rings  is 
different  from  that  given  by  me.  As  upper  parts  of  D.’s  foremost  ring,  his  “Schulterring”, 
are  regarded  the  superior  lateral  scutes  (sl  in  my  fig.  2 on  PI.  IIP  which  I refer  to  the  second 
ring,  that  behind  the  ])ectoral,  to  which  they  undoubtedly  belong.  As  lateral  ])arts  of  the 
“shoulder-ring”  1).  further  counts  two  “plates”  on  each  side,  one  in  front  of  the  i)ectoral  tin, 
the  “Skapularschild”,  one  behind,  the  “Axillarschild”;  the  first  is  the  dermal  part  of  the  cla- 
vicle the  “coverplate”  (PI.  Ill,  fig.  2 c),  the  “Axillarschild”  is  my  median  lateral  plate 
(PI.  Ill,  fig.  2 ml)  of  the  second  ring  (the  first  ring  of  typical  com|)osition).  Finally,  as  inferior 
parts  of  the  “Schulterring”  are  regarded  two  plates  on  each  side,  my  “jugular  plate”  (PI.  Ill, 
fig.  2 j),  which  he  tenues  “Infrascapulare”,  and  my  inferior  lateral  plate  of  the  second  ring 
(fig.  2 il  >.  Thus  the  difference  really  consists  in  the  facts:  1)  that  1).  regards  my  first  and 
second  rings  as  only  one,  the  “Schulterring”;  2)  that  he  has  apparently  not  observed  that  the 
clavicular  dermal  part  and  the  “cover-plate”  are  two  sejiarate  structures. 

1*^  p.  306  [40J.  Regarding  tlie  structure  of  the  vertebral  column,  which  is  examined 
without  great  difficulty,  several  features  have  earlier  been  noticed,  and  more  or  less  correct 
information  will  he  found  scattered  through  the  literature.  While  the  peculiar  arrangement 
of  the  interspinous  bones  for  the  dorsal  fin  has  been  very  early  noticed  and  later  has  been 
mentioned  by  several  authors,  as  also  the  immovable  connection  between  the  shoulder-girdle 
and  the  two  anterior  vertehrm,  the  fact  that  the  three  anterior  vertehrre  besides  are  immo- 
bile, because  their  neural  arches  are  suturally  united,  seems  never  to  have  been  observed 
before. 

Schneider  in  Petri  Artedi  Synonjunia  Piscium  etc.  1789  (49)  j).  338—39  and  Tab.  II, 
figs.  20—21  has  given  some  primitive  and  rougli,  not  quite  correct,  rejire.sentations  of  tran.s- 
verse  sections  of  Syngnathns  iijphle  (or  avns)  and  (fig.  22)  a small  part  of  the  skeleton  at  the 
region  of  the  dorsal  fin,  seen  from  the  side.  The  latter  figure  is  extremely  incorrect  hut  — 
as  far  as  I know  — hitherto  the  only  existing,  representing  the  peculiar  groiqis  of  the  parts 
supporting  the  fin-rays;  they  are  here  called:  “Processus  spinosi  in  radios  4—6  diffusi”. 
Thus  the  fact  that  inters])inous  bones  are  combined  with  the  s])inous  processes  has  escajied 
attention. 

Meckel  (3a)  p.  202  remarks  that  the  vertehne  in  Syngnalhiis  are  elongated,  p.  203  that 
articular  processes  are  wanting  or  at  least  “hochst  unmerklich”;  ]).  204  that  the  spinous  i)ro- 
ces.ses  are  sjilit:  “Hire  Schenkel  hestehen  aus  fiinf  his  sechs  zarten,  diinnen  Stabchen,  die 
fast  senkrecht  in  die  Ilohe  steigen  und  sich  an  den  meisten  zu  einem  einfachen,  mittlern, 
langen,  aher  niedrigen  Blatte  vereinigen,  das  aher  unter  der  Hiickenflosse  theils  hedeutend 
holier  wird,  theils  sich  von  vorn  nach  hinten  in  drei,  vier  his  fiinf  in  dieser  Hichtung  aus 
einander  weichende  Strahlen  s])altet,  welche  die  Flossenstrahlen  tragen.”  Thus,  M.  has  over- 
looked the  presence  of  interspinous  bones  Nehendornen  ” Meckel  ).  On  ji.  244  he  adds  tliat 
ribs  are  wanting,  a fact  also  mentioned  by  Ocvier  and  Valenciennes  (10,  p.  296). 

Kroyer  (29,  p.  685j  describes  the  vertebral  column  in  Siphonostoma  tijpble  in  the  follow- 
ing way:  “The  vertebral  column  consists  of  55  vertebrae,  proportionately  large  and  strongly 
built,  esjiecially  the  foremost,  lying  over  the  abdominal  cavity;  these  arc  moreover  for  the 
greater  part  provided  with  strongly  developed  transverse  processes.  On  the  other  hand  the 
abdominal  vertehne  almost  completely  want  spinous  processes;  the  latter,  however,  are  found 
on  the  nine  or  ten  anterior  caudal  vertehne,  to  which  the  dorsal  fin  is  attached,  and  are 
very  conspicuous  and  of  peculiar  shape,  each  of  them  being  siilit  into  three  or  four,  with 
the  i)oints  free,  projecting,  rays;  thus  this  jiart  of  the  column  being  formed  like  a finely 
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serrated  saw.  Ribs  could  not  be  observed.”  Regarding  Syngnathua  acns  Kr.  says  (p.  701): 
“The  vertebral  column  consists  of  66  vertebrae',  the  22  of  which  are  situated  over  the  abdom- 
inal cavity,  the  remaining  44  may  be  regarded  as  caudals.  Thus  the  vertebrae  in  number 
agree  with  the  Transverse)  rows  of  scutes;  they  are  proportionately  large  and  strong.  In  all 
the  abdominal  vertebrae  the  transverse  pi’ocesses  are  strongly  developed  in  length,  while 
the  spinous  processes  may  be  said  almost  to  be  absent,  the  neural  canal  generally  appear- 
ing in  the  shape  of  a simple  roof  with  sharp  crest.  On  the  two  last  abdominal  vertebrae, 
however,  and  on  the  eight  anterior  caudals,  i.  e.  on  the  vertebrae  carrying  the  dorsal  fin, 
are  found,  quite  as  in  the  preceding  species  {S.  typhle),  strongly  developed  spinous  processes 
of  peculiar  shape,  each  formed  by  four  divergent  rays  (only  exceptionally  five  or  three). 
The  interspinous  bones,  attached  to  these  rays,  are  of  an  extreme  slenderness.  The 
transverse  processes  of  the  vertebrae  decrease  in  length  with  the  beginning  of  the  dorsal  fin, 
and  disappear,  almost  completely  vanishing,  at  its  end.  The  transverse  processes  of  the  first 
vertebrae  in  the  pipe-fishes  are  of  peculiar  form:  large,  flat,  blade-  or  wing-shaped,  behind 
strongly  elongated  (quite  to  the  transverse  processes  of  the  next  vertebra),  and  pointed  like 
a dagger.  The  inferior  spinous  processes  begin  to  appear  on  the  first  caudal,  but  they 
are  ahvays  very  small,  and  the  canal,  which  they  form  for  the  blood-vessels,  is  very  incom- 
plete, because  they  only  take  up  a small  part  of  the  length  of  the  vertebrae,  thus  large 
interspaces  being  left  between  them.  On  the  other  hand  the  lower  surface  of  the  caudals  is 
hollowed  out  into  a rather  deep  furrow.”  In  a similar  way  Kr.  describes  the  column  at 
length  in  Nerophis  a’quoreiis.  Here  he  finds  82  vertebrae,  about  30  belonging  to  tbe  abdominals; 
he  points  out  the  difference  from  the  ])receding  in  the  shape  of  the  transverse  processes. 
Regarding  the  vertebraE,  supporting  the  dorsal  fin,  he  says;  “In  the  vertebrae,  lying  under  the 
dorsal  fin  (24th  to  35th,  both  included,  or  the  eight  last  abdominal  and  a pair  of  the  anterior 
caudal  vertebrae)  the  spinous  processes  divide  each  into  three  to  four  large  spines,  supporting 
the  same  number  of  strong  interspinous  bones.”  About  the  last  caudal  vertebrae,  carrying 
the  rudimentary  caudal  fin,  is  said  that  it  appears  to  have  no  plate-shaped  enlargement  at 
its  end. 

Kner  (28  a,  p.  57—58)  in  his  description  of  the  muscles  of  the  dorsal  fin  and  the  action 
of  the  latter  as  a locomotory  apparatus,  mentions  that  in  Syngnathiis  “die  langen  Flossen- 
triiger  am  Skelete  in  facherartig  auslaufende  Biindel  gestellt  sind,  und  zwar  sitzen  bei 
Syngii.  riibescens  acht  solche  Biindel,  deren  jedes  aus  3—5  Flossentragern  besteht,  auf  eben 
so  vielen  Wirbein  auf  ....  Bei  Hippocampus  sind  dagegen  die  langen  Flossentrager  fast 
parallel,  nur  die  vorderen  und  hinteren  etwas  divergirend  und  die  Flosse  sitzt  (wenigstens 
bei  Hipp.  gullulaliis)  bloss  auf  drei  Wirbein  auf,  deren  obere  Schenkelbogen  statt  einfache 
Dornfortsatze  zu  bilden,  sich  sogleich  in  drei  kurze  strahlig  auslaufende  Knochenfasern 
zertheilen,  auf  welche  die  Flossentrager  sodann  aufsltzen.”  Kner’s  statements  are  repeated 
by  DuMf:RiL  (12  a,  p.  140,  b,  p.  475)  without  any  further  additions  of  his  own;  only  p.  142,  p.  476 
he  mentions  as  a character  of  these  fishes,  the  absence  of  ribs.  Cope  (8  p.  457)  remarks: 
“Anterior  vertebrae  modified,  the  diapophyses  much  expanded.”  Moreau  (36,  p.  29):  “Les  ver- 
tebres  correspondent  aux  anneaux  du  corps  et  sont  par  consequent  en  nombre  egal;  elles 
sont  relativement  developpees,  grosses  et  longues  avec  tres-grandes  apophyses.  Les  apophyses 
epineuses  sont  generalement  larges,  elles  presentent  au  niveau  de  la  dorsale  une  disposition 
singuliere,  elles  se  divisent  en  tiges  plus  ou  moins  nombreuses  qui  sont  en  rapi)ort  avec 
autant  d’interepineux.”  p.  30  the  latter  point  is  repeated  with  the  addition,  that  “ces  tiges 
sont  tantot  presque  droites,  paralleles  (Hippocampes),  tantot  divergentes  comme  les  branches 
d’un  eventail  (Syngnathes).  Les  interepineux  ont  leur  extremite  superieure  tres-developpee.” 

Ryder  (48,  p.  197  and  PI.  XVIIj  observed  in  the  “larvae”  of  Hippocampus  the  distal 
segment  of  the  interspinous  bones  as  a separate  cartilage,  articulated  to  the  still  cartilaginous 
proximal  part.  ”In  adult  specimens,  the  interspinous  basalia  which  are  at  this  young  stage 

' In  CrviERS’s  Lecons  etc.  I,  p.  232  the  same  number  is  given  for  Syngn.  acus',  for  Hippocampus 
15  -|-  46  ==  61. 

I).  K.  D- Vklensk.  Selsk.  Skr.,  7.  Rjekke,  natiirvldensk.  og  mathem.  Afd.  VIII.  o. 
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nearly  in  contact  with  the  notochord  by  their  proximal  ends,  are  pushed  farther  out  and 
become  apposed  upon  and  interposed  between  the  spinous  dorsal  radii  springing  directly 
from  three  vertebrae. " 

Me.  Ml'hiucii  describes  and  figures  (34,  p.  648— 49,  and  PI.  XLll,  fig.  2)  the  developing  inter- 
spinous  bones  in  the  larval  Syngiiatims  peckianus  as  cartilaginous  rays,  resting  directly  on 
the  membrane  surrounding  the  spinal  cord*;  in  later  stages  (1.  c.  fig.  6)  they  are  said  to  be 
united  distally  by  a longitudinal  bar,  resting  on  which  are  cartilaginous  nodules  (i.  e.  the 
distal  interspinous  segment  of  the  adult),  each  sui)porting  a fin-ray.  The  urostylic  cartilages 
for  the,  at  first  heterocercal,  tail-fin  are  large  and  may  be  compared  to  the  interspinous  rays 
of  the  dorsal  fin.  The  anal  fin  The  interspinous  rays  of  which  are  not  mentioned  or  figured: 
is,  wrongly,  stated  to  atrojjhy  in  the  adult. 

Lill.ikhohg  (32,  p.  449^  gives  the  number  of  vertebrm  in  Siphonosloma  tijphle  as  52—55, 
of  which  the  anterior  17—18  are  abdominal.  “The  two  first  are  modified  and  longer  than  the 
remaining,  strongly  coalesced,  the  border  between  their  neural  arches  having  disappeared, 
and  serving  as  attachment  for  the  shoulder-girdle.  To  this  end  the  transverse  processes  of 
the  first  vertebra  are  very  much  expanded,  giving  strong  and  immovable  attachment  to  the 
upper  ends  of  the  clavicles.  Also  the  transverse  processes  of  the  second  arc  somewhat 
expanded,  and  their  ends  are  attached  to  the  clavicles,  where  the  latter  are  bent.  Otherwise 
the  vertebixe  in  general  have  transverse  i)rocesses,  to  the  end  of  which  the  plate-rings  are 
fastened.  These  processes  are  longest  on  the  abdominal  vertebixe  and  generally  truncated. 
The  spinous  processes  are  low,  laterally  compressed  and  plate-shai)ed,  only  little  or  not  at 
all  separated,  and  show  a series  of  several  rods  connected  by  thin  lamellae.  The  anterior 
caudal  vertebra',  which  support  the  dorsal  fin,  have  the  spinous  processes  somewhat  more 
elevated,  and  with  3—4  free  points,  to  which  the  interspinous  bones  of  this  fin  are  attached. 
Ribs  are  wanting.” 

Smitt  (54),  who  has  so  admirably  interpreted  the  suspensory  parts  of  the  head-skeleton 
w’hich  are  by  no  means  so  easy  to  make  out  as  the  vertebrae,  onl}'  says  regarding  the  latter 
(p.  666),  that  they  are  hut  slightly  ossified,  elongated,  “the  processes  straight  and  of  uniform 
breadth  or  slightly  broader  at  the  top;  but  in  the  vertebra'  above  which  the  dorsal  fin  is 
attached,  the  upper  si)inou.s  processes  are  divided  sagitally  (in  the  longitudinal  direction  of 
the  body)  into  three  or  four  divergent  branches.  Distinct  haemal  arches  appear  only  at  the 
beginning  of  the  caudal  region,  where  a few  may  be  found.”  Thus  it  does  not  seem  clear, 
if  Smitt  has  observed  the  interspinous  bones  or  not. 

Bridge  (5,  p.  578)  describes  at  length  the  (34)  interspinous  bones  in  Siphonosloma  typhle 
and  mentions  briefly  Ihose  of  Hippocampus  yiitlnlatus.  He  points  out  their  bi.segmental 
structure,  the  distal  segment  being  rei)resented  by  a cartilaginous  nodule,  and  says  that  in 
Sij>honostoma  they  exhibit  “a  slight  tendency'  to  become  arranged  in  groups  of  four  each. 
In  each  grouji  the  segments  converge  slightly  towards  their  proximal  ends,  where  they  are 
firmly  attached  to  the  summit  of  the  neural  arch  of  a subjacent  vertebra.  Distally  the  seg- 
ments diverge  slightly  and  their  dor.sal  extremities  expanding  somewhat  come  into  apposition, 
and  form  w'ith  one  another  a continuous  ])eripheral  margin. ' Into  the  bony  structures,  which 
build  up  the  latter,  he  does  not  enter,  nor  has  he  any  remarks  regarding  the  strncture  of  the 
supporting  vertebra'. 

.Iordan  and  Evermann  (21  a,  p.  759)  in  their  diagnosis  of  the  order  Lophobranchii  adopt 
the  remarks  of  CoPE,  quoted  above;  the  same  are  repeated  in  later  works,  by  Jordan  and 
Snyder  (22,  p.  3;  and  Jordan  and  Evermann  (21  b,  p.  117). 

Huot  (19,  p.  252)  remarks:  “Dans  la  region  du  corps  oil  se  trouve  la  nageoire  dorsale, 
les  apophyses  epineuses  se  prolongent  par  des  cartilages  interepineux  qui,  eux-memes,  se 
prolongent  par  les  rayons  cartilagineux(!)  des  nageoires”,  which  mode  of  stating  the  facts  is 

“ These  cartilaginous  rods  are  according  to  Me.  M.’s  figure  2,  as  well  as  my  own  observations  in 
Siphonosloma  typhle  and  Syngn.  rostellatus,  parallel  to  each  other,  as  are  the  interspinous  bones  in 
most  adult  bony  fishes. 


somewhat  misleading;  further  he  mentions  that  the  vertebral  column  in  Lophobranchs,  where 
the  tail-fin  is  absent,  is  pointed  behind,  while  in  forms  with  a caudal  fin  the  last  vertebra 
is  provided  with  “deux  lames  carlilagineuses  situces  dans  le  plan  median  de  symmetrie.  Tune 
dorsalement,  et  I’autre  ventralement " (both  are  really  ventral  in  position). 

Recan  (45  c,  p.  5)  remarks  that,  in  contrast  to  the  Centriscidae  and  Amphisilidae  (his 
Solenichlhyes),  the  “anterior  vertebrae  are  not  elongate.” 

19  p.  308  [42].  The  skeleton  of  the  head  has  been  examined  by  several  authors.  Curiously 
enough  some  facts  have  been  correctly  stated  by  older  observers  which  later  authors  have 
failed  to  inter])ret  pro|)erl3',  apparently  because  thej'  did  not  know  the  previous  literature 
or  at  all  events  did  not  consult  it  carefully  enough,  every  support  from  illustrations  being 
missing. 

Alreadv  LAcfiPEDE  (31,  T.  Ill,  p.  44,  p.  60)  correcth'  gave  the  number  of  branchiostegal 
ra3’s  as  two  in  Siphonostoma  tijphle  (and  the  Sijiignathi)  and  in  Ili])pocampiis. 

Meckel  (35,  p.  313),  speaking  of  the  sus|)ensorial  apparatus  in  Tcleosts,  which  (with 
exception  of  the  ])tervgo-palatine  part)  he  calls  “Gelenktheil  des  Schlafbein.s”  and  regards  as 
representing  the  quadrate  of  Reptiles  and  Rirds  in  spite  of  his  own  statement,  that  it  consists 
“at  least  of  two  bones”,  says;  “In  Hinsicht  auf  die  Crosse  ist  sie  bei  den  Sijnc/nathen  vielleicht 
am  ansehnlichsten.  Ilier  wird  der  bei  weitem  groste  Theil  des  Unterkiefcrs  nicbt  durch 
das  eigentliche  Unterkieferbein,  sondern  durch  sie  gebildet.  Das  oberste  Stiick  (i.  e.  the  hyo- 
mandibular)  ist  klein  und  bildet  kaum  den  dreissigstcn  Theil  der  ganzen  Knochensammlung, 
die  aus  mehreren  langlichen,  einander  ganz  oder  zum  Theil  von  innen  nach  aussen  bedecken- 
den  besteht.”  With  these  words  M.  onh'  shows  that  he  did  not  jiartake  in  the  old  mistake, 
involved  in  the  name  "‘‘Syngnathiis”,  viz.  that  the  upper  and  lower  jaws  were  parth'  coalesced; 
but  M.  does  not  attemj)t  to  anah'se  these  j)arts  which  even  to  the  latest  authors  have  been 
most  difficult  to  make  out  and  have  almost  never  been  correctly  interpreted. 

The  brain-case  proper  is  not  at  all  menlioned  by  M.  But  in  the  last  volume  of  his 
work,  conqileted  much  later  than  the  first  (1833),  several  more  or  less  correct  statements 
concerning  the  opercular  and  branchial  apparatus  are  given.  Thus  he  correctly  describes 
the  three  ojiercular  bones  (p.  110);  furlher  he  gives  the  number  of  branchiostegal  rays  as 
2—3  in  Sijngnathiis  and  Hippocampus  (p.  118;  later,  p.  129,  he  says  3—4);  he  sa3's  (p.  126)  tliat 
the  hyoid  only  consists  of  one  piece,  that  a urohyal  (“das  mittlere  obei  flachliche  Zungenbein”) 
is  present  (p.  135\  in  Hippocampus  ver3'^  short  and  slender,  and  that  it  does  not  reach  the 
clavicles  (]).  142,  144);  on  the  other  side  he  does  not  find  any  glossohyal  (“der  vor  der  Vereini- 
gung  der  vorderen  Seitenaste  liegende  Knochen  oder  Knorpel”);  it  is  absent  logetber  with  all 
the  other  unpaired  parts  lying  behind  the  hyoid  (the  basibranchials,  which  he  names  “die 
tiefe  mittlere  Zungenbeinschicht”)  or  at  most  developed  in  the  shape  of  a slender  and  long 
cartilage  (p.  14.5,  148).  The  branchial  arches,  which  Tiedemann  (Deutsches  Archiv  T.  2,  p.  Ill) 
had  declared  to  be  cartilaginous,  he  correctly  regards  as  ossified  (p.  135,  15.5).  The  |)rescnce 
of  gill-rakers  he  denies  on  p.  162,  but  later,  p.  168,  he  states  their  presence. 

Before  the  publication  of  the  last  volume  of  Meckel’s  work  CuviEB  and  Valenciennes 
(10,  T.  1,  p.  296)  had  declared  the  branchiostegal  rays  to  be  absent,  and  in  the  excellent  work 
on  the  branchial  ap|)aratus  in  the  Verlebrates,  published  about  at  the  same  time  (1832)  as  the 
6th  volume  of  Meckel’s  work,  Rathke  too  was  of  this  ojiinion  (44,  ji.  6);  and  he  — like 
Meckel  — thought  that  the  hyoid  consisted  of  only  one  jiiecc  (p.  3).  .\mong  fishes  lacking 
the  co|)iila  for  the  hyoid  (i.  e my  first  basibranchial)  R.  mentions  Sgngualluis,  while  Ibe 
glossohyal  is  present  as  a slender  rod  as  well  as  the  urohyal  (“Zungenbeinkiel”)  (p.  4);  he 
found  no  basibranchials  (p.  12),  and  no  teeth  on  (he  lower  pharyngeals,  which  are  “schmalc 
und  schlanke  Bogen.”  On  p.  76  he  regards  the  opercular  apjiaratus  as  only  consisting  of 
one  piece.  In  the  tabular  view  on  p.  20  he  resumes  his  observations  of  the  branchial  skclelon 
in  Sgngn.  romlelelii  in  the  following  way: 
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Transcribed  into  the  formula  used  by  me  in  the  jjresent  paper  the  above  formula 
would  be: 
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If  we  compare  my  formula  on  p.  307  [41]  of  the  present  paper  the  dilference  will  be 
easily  perceived  at  once. 

(Tvieu  (Lal’iullahd)  (9  b,  p.  64(5)  gives  the  following  account  of  the  Lophobranches: 
“Ces  poissons  ont  . . . le  squelette  plutot  libreux  qu’osseux;  cependant  la  composition  du  crane 
ne  s’ccarte  point  de  celle  des  jmissons  osseux.  Dans  le  syiifinathe,  I’orbite  est  completement 
ferine,  en  avant,  en  haul  et  en  arriere,  jiar  les  frontaux,  et  en  has  par  le  temporal  (=  hyo- 
mandibulari  et  le  preopercule,  (pii  font  roffice  de  sous-orbitaires;  le  niuseau  est  tres  alonge. 

l.'hiippocampe  a le  museau  moins  long,  les  frontaux  etroits,  et  portant  au  dessus  de 
I’orbite  cbacun  une  apophyse  jiresque  verticale  qui  forme  une  sorte  de  come.  La  partie 
posterieure  du  crane  est  pyramidale  et  creusee  de  chaque  cote  a la  face  occipitale  d’une  fosse 
profonde  formee  par  le  mastoidien  (=  pterotic)  et  Toccijiital  externe  (=  ejiiotic).”  Nothing  is 
found  about  the  other  cranial  structure.s,  neither  in  the  volume  quoted  nor  in  the  follow- 
ing volumes. 

The  work  of  Kostlin  (30)  contains  some  scattered  remarks  (pp.  309,  317,  337,  338,  342,  356, 
361,  370,  378,  394,  400)  concerning  the  skull,  but  they  are  so  defective  and  incomplete,  that  it 
seems  hardly  jiossible  to  decide,  if  he  had  a tolerably  correct  understanding  of  its  structure 
or  not.  The  suspensorial  and  branchial  parts  are  not  mentioned. 

Hollard  (18,  p.  565),  who  is  of  the  opinion  that  the  •‘Lophobranches”  are  to  be  com- 
bined with  the  “Ganoides  proprement  dits”,  only  mentions  the  oiiercular  apparatus  in  the 
Syngnathids.  lie  describes  the  large  o|)erculum  as  well  as  the  small  suboperculum;  the 
interoiierculum  aiiparenlly  is  overlooked.  Regarding  the  preoperculum  is  said:  “Confondu 
en  avant  avec  la  serie  sous-maxillaire,  il  n’est  reconnaissable  qu  a ses  rapports  avec  I’hyoide. 
Ce  dernier  lui-meme  ne  porte  jiliis  ici  que  deux  ou  trois  rayons  branchiostcges  filiformes.” 

KrOyer  (29)  in  describing  the  single  species  of  Pijielishes  found  at  the  Danish  coasts, 
has  given  some  osteological  information  which  must  be  said  to  be  of  value  and,  taken  together, 
to  render  a more  comjilete  and  correct  account  of  the  structure  of  the  skull  than  it  would 
be  possible  to  gather  from  any  of  his  jiredecessors. 

On  p.  679  (Siphonostoma  typJile)  he  states  that  he  could  only  observe  two  long,  very 


slender,  bristle-like  branchiosle^Jal  rays  on  each  side;  and  four  pair  of  bianchial  arches, 
provided  with  gill-rakers  in  the  shape  of  short  s])ines  tp.(180).  The  mandibular  and  suspensory 
parts  are  mentioned  in  the  following  words  (translated  by  me)  (p.  685):  “The  intermaxil- 
laries,  situated  over  and  a little  in  front  of  the  maxillaries,  form  the  whole  upper  border 
of  the  mouth;  they  are  very  slender,  almost  like  bristles,  except  at  the  middle  of  the  upper 
border  of  the  mouth,  where  they  meet.  Here  they  exjjand  like  a club,  hut  an  ascending  i)art 
is  completelj'  lacking.  The  maxillaries  are  hardly  longer  than  the  intermaxilla?,  but  much 
stouter,  flat,  expanded  behind  or  oarshaped.  The  lower  jaw  very  broad  in  proportion 
to  its  length  (its  greatest  width  behind  larger  than  half  of  the  length),  plate-shaped,  with 
a longitudinal  crest  on  the  outer  face,  the  anterior  margin  semilunar  and  convex,  the 
posterior  semilunar  and  concave.  The  temporal  bone  i.  e.  the  hyomandihular)  has  a 
very  short,  broad  and  flat  shape.  Os  tijmpunicum  Ciw.*  extremely  elongated  and  slender, 
linear,  in  front  deeply  forked,  the  lower  branch  longer  and  horizontal,  the  upper  one  some- 
what curved  upwards.  Symi)lecticum  large,  elongated,  plate  shaped,  somewhat  obliquely- 
foursided,  in  front  drawn  out  into  a long  point.”  It  will  be  seen  that  Kroyeu  here  regards 
the  real  symplectic  as  a metapterygoid;  but  what  is  meant  with  “ Sym])lecticum ” T am  not 
able  to  decide  (the  infraorhitalsT. 

Describing  Sijiujnalhiis  acus  Kit.  says  vp.  700):  “The  i n te r ni axi  1 1 a r ies  are  about  as  in 
the  preceding  species  (S.  lijphle),  only  smaller  in  proportion  to  the  size  of  the  body.  Also  the 
maxillae  are  shorter  than  in  S.  Typhle  hut  very  much  broader,  curved  somewhat  like  an  S, 
the  end  expanded  like  a shovel  or  spade.  The  very  small  mandible  is  so  short  and  broad 
that  its  shape  almost  forms  a quadrant.  The  i)alatine  consists  of  two  hranches,  almost 
equal  in  length,  the  one  the  articular  part)  somewhat  stouter,  the  other  slender  and  pointed; 
they  meet  at  a somewhat  obtuse  angle.  The  temporal  short,  very  broad  (its  wddth  plainly 
greater  than  half  its  length),  stout,  flat,  irregular.  Tympanicum  and  Symplecticum  about  as 
in  the  preceding  species.  The  vomer  slender  almost  like  a bristle.  The  ethmoid  about 
equal  in  length  with  the  vomer,  hut  much  broader  and  stouter  than  the  latter,  although  of 
elongated  and  narrow,  sword-like  shape;  behind  it  appears  cleft  like  a fork.  The  prcoper- 
c Ilium  about  of  the  same  length  as  the  snout,  very  strongly  pointed  in  front,  feebly  curved 
shaped  like  a very  elongated  triangle  or  rather  like  a dagger.  The  opercular  hone  much 
vaulted,  thin  or  scale-like,  rounded  behind,  truncate  in  front,  with  a longitudinal  crest  or 
ridge  a little  over  the  middle  of  its  height.  The  suhoperculum  hidden  below  the  oper- 
culum, very  elongated,  narrow,  sahre-shaped.  The  i n t e r op e r c ul  u m , which  contributes 
considerably  to  the  formation  of  the  snout  and  has  the  whole  length  of  the  latter,  is  strongly 
pointed,  dagger-like  behind,  in  front,  however,  broad,  thin,  jilate-shaped,  truncate.  Eye-bones 
(ossa  infraorbitalia)  seem  to  he  completely  missing.”  Thus,  with  exception  of  the  mistakes 
regarding  the  symplectic  and  “tympanic”  and  the  infraorbitals,  KuOyers’s  description  — as  far 
as  it  goes  — is  quite  correct. 

Under  Nerophis  cequorcns  Kr.  (p.  709)  mentions  that  he  only  found  one  hranchiostegal 
ray;  on  p.  713  he  correctly  points  out  some  small  differences  from  the  preceding  species  in 
the  shape  of  the  same  cranial  elements  which  were  described  in  these. 

Among  distinctive  characters  common  to  all  Syngnathids  Peters  (41,  p.  103)  mentions: 
“der  einfache  Kiemendeckel  ohne  .Suhoperculum,  die  Verwachsung  des  Interoiierculums  mit 
dem  Praoperculum”,  statements  which  it  had  been  better  to  omit. 

Parker  (.39,  p.  32,  noteh  who  had  the  notion  that  the  Lophohranchii  were  in  some  waj' 
related  to  the  “generalised  (ianoids”,  supports  this  idea  of  the  presence  esjiecially  of  “jugulars”, 
“so  rare  in  the  Teleostei,  namely  in  Elops  and  Meyalops.  I'hese  are  well  developed  in  Sijn- 
ynathus  and  Hippocampus-,  although  I am  not  aware  that  any  other  Ichthyotomist  has  observed 
this  fact.”  The  supposed  “jugulars"  of  course  are  the  interopercular  hones. 

" Cuvier  uses  the  name  “Tympanale”,  not  “Tympanicum”,  for  the  Metapterygoid;  Khoveh  else- 
where uses  the  name  “Symplecticum”  for  the  same  hone,  for  winch  Cuvier  and  later  authors  have 
used  the  name. 
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Dumkhil  describes  briefU'  (12  a,  p.  No,  b,  p.  478)  the  intermaxillaries,  maxillaries  and 
mandible;  the  latter  articulated  to  the  quadrate  (“jugal”  or  “quadrato-jugal”),  which  is  much 
elongated  and  forms  part  of  the  tuhiform  snout,  together  with  the  ethmoid,  vomer  and 
nasal  and  the  coalesced  sub-  and  interoperculum;  a,  p.  149,  b,  ]>.  481  he  remarks  that  2 or  3 
hranchiostegal  rays  are  found  and  adds  that  the  preoperculum  is  absent  and  repeats  the 
wrong  statement  that  the  suhoperculum  and  interoperculum  are  coalesced  to  form  part 
of  the  tube.  Some  of  these  incorrect  statements  will  be  found  still  surviving  in  the  later 
literature. 

Cope  (8,  p.  457)  states  for  his  Lophobraiichii  (comprising  Solenostomidce,  Sijncjnathidce, 
Hippocampidcv):  “Mouth  bounded  by  the  premaxillary  above;  posttemporal  simple,  coossified 
with  the  cranium.  Basis  cranii  simiile  ....  Inferior  and  superior  jibaryngeals  and  suiierior 
branchihyals  ( i.  e.  epibranchials)  wanting  or  unossilied.”  To  Cope’s  diagnostic  skeletal 
characters  Rydeh  (48.  p.  193)  makes  the  following,  not  very  fortunate,  addition:  “Opercle  o 
simple  ])late.”  On  p.  196  he  says  regarding  Hippocampus:  “There  apjiear  to  be  no  mesial 
hyal  elements  at  all,  which  also  seems  to  be  the  case  with  the  adult,  the  medial  skeletal 
elements  of  the  tongue  being  suppressed.”  Further  he  (correctly)  adds  that  the  lower  mesial 
elements  of  the  branchial  skeleton  also  appear  to  be  absent. 

PoucHET  (42)  in  describing  the  development  of  the  head  skeleton  in  Sijnf/nathiis  found 
3 hranchiostegal  rays  very  early  present.  Regarding  the  adult  structures  so  very  little  is 
mentioned  that  it  is  imi)ossihle  to  make  out,  how  far  P.  had  a tolerably  complete  or  correct 
acquaintance  with  their  iieculiarities.  j).  83  he  says;  “Chez  I’adulte,  quand  on  cherche  a 
scparer  par  les  procedes  ordinaires,  maceration,  cuisson,  etc.,  le  .symplectique  du  jugal  (i.  e. 
the  quadrate)  la  hranche  cartilagineuse  se  brise  et  son  extremite  reste  adherente  au  jugal, 
dans  lequel  elle  est  fortement  engagee.  l)e  fa^on  que  le  cartilage  qui  constituait  le  temporal 
primordial  (1.  e.  the  cartilaginous  rod  representing  the  hyomandibular  — the  symplectic),  se 
retrouve  ici  dans  trois  os  chez  I’adulte:  1°  le  temporal  (i.  e.  hyomandibular);  2°  le  symplec- 
tique; 3°  le  jugal.”  However  correct  this  statement  in  itself  will  be  found  to  be,  it  maj'  still 
be  open  to  doubt,  if  P.  has  really  been  acquainted  with  the  peculiar  shape  and  connections 
of  the  symplectic  in  the  adult. 

E.  Moheau  (36,  ]).  29)  describing  the  head  of  the  Si/ngnathidce  says;  “La  bouche  est  a 
fextremite  d un  tube  dont  les  parois  sont  constituees  en  has  par  une  ajjonevrose  et  les  inter- 
opercules,  latcralement  par  l’api)areil  tympanique,  en  dessus  par  les  j)lerygoidiens,  les  pala- 
tins  et  le  vomer  ....  La  machoire  superieure  est  forince  i)ar  les  intermaxillaires  tres-greles, 
tres-courts,  debordes  en  dehors  par  les  maxillaires  qui  se  terminent  en  une  sorte  de  palette 
elargie.  La  machoire  inferieure  est  constituee,  d’une  facon  normale,  par  trois  os,  le  dentaire, 
I’articulaire  et  I’angulaire;  elle  est  articulee  avec  rajjpareil  tympanique  compose  par  ses 
quatre  osselets.” 

Here  we  meet  for  the  first  time  with  the  correct  statement  that  the  mandible  is  com- 
posed of  three  jjieces  as  usual;  but  unfortunately  M.  does  not  enter  into  an  analysis  of  the 
suspensory  ])arts.  In  saying,  however,  that  the  latter  is  composed  of  “its  four  bones”,  be 
shows  that  he  cannot  be  (juite  right.  Where  4 bones  are  jiresent,  these  always  are  the  hyo- 
mandibular, symplectic,  (piadrate  and  metai)ter3’goid.  Rut  the  latter  is  absent  here;  probably 
tbe  infraorbitals,  which  M.  nowhere  mentions,  have  been  taken  among  the  suspensory  bones. 
L'nder  the  “Appareil  branchial”  M.  further  (p.  30)  mentions  the  operculum,  suboperculum  and 
interoperculum,  but  he  states  wrongly:  “il  n’y  a ])as  de  prcopercule.”  He  describes  the  hyoid 
(without  mentioning  its  conq)osition  of  piece.s),  carrying  “two  or  three”  hranchiostegal  rays, 
and  an  elongated  urohyal  (“sous-hyoidien”). 

y.i:.  .Ml’uiuch  (34)  lias  given  a careful  and  in  several  jioints  correct  descriiition  of  the 
head-skeleton  in  Syngnalhiis  peckianus;  it  is  jiartly  siqiiiorted  on  transverse  sections,  and  due 
attention  is  jiaid  to  the  cartilaginous  jiarts  of  the  developing  3’oung  and  of  those  preserved 
in  the  adult;  furthermore  this  account  is  illustrated  with  figures.  On  p.  626  he  describes  the 
adult  cranium.  He  has  correctly  seen  that  the  orbitosphenoids,  basispbenoid  and  nasals  are 
wanting.  The  epiotics  he  takes  to  represent  the  parietals,  but  he  seems  to  be  inclined  to 
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regard  these  bones  as  “dermo-epiotics”,  “for  they  directly  overlie  the  epiotics,  appearing  like 
a parostosis  formed  upon  these  bones.”  Alisphenoids  seem  to  him  to  be  absent,  and  about 
the  posttemporal  he  is  indecided  but  inclined  “to  consider  it  homologous,  to  a certain  extent 
at  any  rate,  with  the  supra -temporal  of  Amia.” 

In  the  ethmoid  he  (p.  629)  mentions  a canal,  which  he  (wrongly)  takes  “to  be  the  con- 
tinuation of  the  main  slime  canals,  which  also  traverses  the  frontals.”  His  account  of  the 
development  of  the  visceral  and  susi)ensory  jiarts  in  the  young  is  good  and  correct;  only,  as 
far  as  I can  see,  the  cartilage  which  according  to  Mac  Murrich  represents  the  metapterygoid, 
must  belong  to  the  entopterygoid;  and  it  seems  hardlj^  credible  that  only  4 cartilaginous 
branchial  arches  should  be  present,  in  as  much  as  the  adult  possesses  five.  In  the  adult, 
however,  M.’s  interpretations  apparently  contain  some  graver  errors.  He  recognizes  the 
stjdohjml  (“interhyal")  and  finds  the  Inmid  consisting  of  “a  cerato-  and  hypohyal“,  “the 
epihyal  being  ajjparently  absent”;  but  in  saying  (p.  638)  that  “the  genio-hyoid  element  (i.  e.  the 
glossohyal)  does  not  appear  to  ossify  and  in  fact  has  disappeared”,  he  certainly  is  wrong; 
and  regarding  the  suspensory  parts,  he  considers  the  posterior  infraorbital  (my  true  antorbital) 
as'the  metapterygoid,  in  spite  of  his  observation  of  its  being  “separated  from  the  symplectic 
by  a quantity  of  muscular  tissue.  " The  anterior  infraorbital  he  correctly  regards  as  such. 
Further  he  did  not  understand  the  interoperculnm,  which  he,  however,  has  seen,  but  mentions 
as  “a  scale-like  bone,  which  has  no  special  representative  in  other  Teleosts.”  He  only  describes 
one  pterygoid,  apparently  my  ectopterygoid,  and  denies  the  existence  of  intermaxillaries,  and 
interoperculnm,  and  about  the  preoperculum  he  says  that  it  “appears  to  be  absent,  or  at  any 
rate  very  rudimentary.” 

Among  the  extremely  detailed  descriptions  of  the  single  bones,  composing  the  skull  of 
Teleosts,  which  are  contained  in  the  work  of  v.  Ki.ein  (26  b and  c),  are  some  concerning  the 
Syngnathids  (Sijngnathiis,  Hippocampus,  (iastcrotokeus,  Leptoichthgs,  Phyllopleri/x).  (b)  p.  135 
he  correctly  states  that  no  eye-muscle-canal  is  found;  p.  136,  that  the  parasphenoid  — as  in 
Fistularia  — does  not  reach  the  vomer  anteriorly,  which  at  all  events  does  not  hold  good 
for  Sijngnathus  and  Hippocampus;  p.  150  he  mentions,  that  “alee  orbitaie.s”  (i.  e.  alisphenoids) 
may  be  separated  from  the  “alse  temporales”  (i  e.  the  prootic)  in  some  Syngnathids;  p.  234—36 
the  anterior,  ethmovomerine,  part  is  described  at  great  length,  but  apparently  correctly  in 
most  respects  (that  nasals  are  lacking  is  not  mentioned),  (c)  p.  128  the  basioccipital  condyle 
is  said  to  be  about  convex  in  Sgngnathus,  decidedly  convex  in  Gasterofokeiis  and  Phglloptergx; 
the  first  is  certainly,  the  latter  probably  wrong,  p.  157  under  the  lengthy  description  of  the 
exoccipitals,  parietals  are  mentioned  in  Phgllopleryx;  but  a thorough  examination  of  the 
detailed  description  of  the  “occipitalia  externa”  (i.  e.  the  epiotics),  found  on  j).  197—98,  reveals 
that  the  parietals  in  question  must  be  the  epiotics,  while  Y.  Klein’s  “occipitalia  externa”  (or 
epiotics)  are  really  the  posttemporals;  and  quite  the  same  will  be  found  to  be  the  case  with 
the  parietals  ascribed  to  Hippocampus  on  p.  197;  they  also  are  the  epiotic.s,  and  the  post- 
temporal is  taken  to  be  “occipitale  externum.”  On  the  other  hand  v.  K.  declares  on  p.  217, 
where  the  supraoccipital  is  dealt  with,  that  in  Sgngnalhus  the  parietals  are  not  separated 
from  the  frontals.  Finally  on  p.  251,  under  the  “squama  temporalis”  or  pterotic,  the  following 
statement  is  found:  “Bei  den  mir  bekannten  Syngnathidse  reichen  die  Kiefersuspensorien, 
welche  die  Seiten  dcr  rohrenformigen  Schnauze  bilden,  nicht  an  die  squamae”,  which  is 
wrong. 

ScHAEE  (50,  p.  12)  describes  the  cranial  skeleton  of  Siphouostoma  tgphle  and  figures  the 
skull  from  above  (h'ig.  4,  the  vomer  omitted),  and  the  whole  head  seen  from  the  side  (Fig.  18). 
He  regards  the  epiotic  as  parietal  and  (with  Me.  Merrich)  the  posttemporal  as  a “supra- 
tcmporal.”  He  rightly  denies  the  existence  of  a nasal.  In  the  suspensory  part  he,  too,  does 
not  recognize  the  preoperculum,  which  he  takes  to  be  the  symplectic;  he  has  correctly  inter- 
preted the  infraorbitals  and  the  palatine,  but  about  the  remaining  pterygo-palatine  series  he 
only  says:  “Innerhalb  dieser  Infraorbitalia  liegen  die  Pterygoidea,  die  hier  jedoch  nicht 
beriicksichtigt  werden.”  The  inlermaxilla  and  maxilla  are  correctly  observed,  but  regarding 
the  lower  jaw  is  said:  “Das  Mandibulare  isl  stark  entwickelt,  Articulare,  Angulare  und  Dentale 
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jedocli  nicht  zu  uiiterschciden”  (p.  14).  Of  Hippocampus  the  skull  is  fiftiired  from  above  (Fig.  11); 
the  figure  and  the  corresponding  text  (p.211  show  the  posttemporal  interpreted  as  a pterotic, 
the  epiotic  as  a parietal. 

Lilljerorg  (32,  p.  437),  in  giving  a diagnosis  of  the  genus  Sijngnalhus  , including  as  sub- 
genus Siphonostoma)  says  that  all  3 opercular  hones  and  2-3  bristle-like  branchiostegal  rays 
are  present  (about  the  opercular  apparatus  L.,  however,  is  mistaken,  cfr.  below). 

Describing  Siphonostoma  tijphle  I>.  (p.  443)  states  that  the  iireoperculum  is  wanting,  and 
2 branchiostegal  rays  are  present;  p.  446  the  skull  is  described  in  detail,  upon  the  whole 
correctly;  inter  alia  is  said  that  the  ojiisthotic,  basisiihenoid  and  orbitosiihenoid  are  absent 
and  the  alisphenoid  present.  Incorrect  is  the  following:  “The  ethmoid,  lying  on  the  fore 
part  of  the  vomer  in  the  shape^of  a keel,  does  not  reach  back  to  the  anterior  ends  of»the 
frontal.  The  visible  parts  of  the  parletals  are  small.”  In  the  interpretation  of  the  suspensory 
bones  (p.  447)  some  greater  errors  occur  in  as  mucb  as  L.  considers  tbe  preoperculum  to  be  the 
interoperculum,  while  the  preoperculum  is  said  to  be  absent,  and  takes  the  real  interoper- 
culum to  be  the  metapterygoid.  The  infraorbitals  are  correcth"  interpreted,  but  his  statement, 
that  the  borders  between  them  and  ])artly  the  border  against  tbe  “ interoperculum  ” (i.  e.  the 
])reoperculum)  are  obliterated,  is  wrong.  He  further  seems  inclined  to  see  some  more  infra- 
orbitals behind  the  posterior  one  (ao  in  my  ligure  . 'fhe  pterygo-palatine  bones  and  the 
mouth-parts  are  correctly  observed  and  described  (L.’s  “mesopterygoid”  is  = my  ento- 
pterygoid).  About  the  branchial  skeleton  is  only  said  that  “os  linguale”  (the  glossohyaT) 
is  very  short,  but  the  “basibranchiostegal  bone”  i,])resumably  the  urohyal)  is  long,  slender 
and  rod-shajjed,  and  that  according  to  Mc.  MfURiCH  the  epih5'al  is  wanting  in  the  small  and 
short  hyoid. 

Smitt  (54)  is,  as  far  as  1 have  seen,  literally  the  only  author,  who  almost  without  any 
mistakes  has  described  tbe  suspensory  skeleton  of  a Syngnathid;  I tberefore  think  it  just  to 
({note  his  description  in  extenso: 

“In  the  Deepnosed  Pii)erisb  {Siingnatluis  liij>hle)  the  elongation  of  the  snout  is  produced 
in  the  following  manner.  The  ethmovomerine  i)art  is  elongated  like  a .stall’,  and  coated  below 
by  tbe  long  and  narrow  parasphenoid  bone,  while  the  frontal  bones  extend  forward  above 
in  the  form  of  long  and  narrow  covering-bones  over  about  half  of  tbe  said  elongation.  The 
hyomandibular  bone  is  an  oblong,  quadrangular  but  irregular,  vertically  set  disk,  whicb  is 
united  at  a right  angle  below  with  the  abnormally  develo])ed  os  sy  m pi e c t i c u m , which  is 
directed  forward,  extends  below  tbe  eyes,  and  sends  out  a branch  obliquely  upward  towards 
the  lateral  ethmoid  (prefrontal  i bone,  while  a second,  still  longer,  horizontal  branch  meets 
a process  in  a backward  direction  from  the  cpiadrate  bone.  This  horizontal  branch  of  the 
S3Mn  ])lecticu  m is  partlv  naked  ; without  covering  bones)  externally,  but  is  covered  behind 
and  below,  tbrougbout  the  greater  portion  of  its  extent,  b\'  the  ])reoperculum.  The  vertical 
(posterior!  branch  of  the  preopercidum  lies  outside  the  hyomandibular  bone  and  is  united 
above  to  the  inferior  margin  of  the  suborbital  bones.  The  obliquelv  ascending  branch  of 
the  symi)lecti  cum,  on  the  other  hand,  is  separated  by  a space,  occupied  by  the  masticatory 
muscles,  from  the  two  posterior  suborbital  bones,  which  bound  the  orbit  below,  but  is  united 
to  the  bind  superior  corner  of  tbe  anterior  suborbital  (the  preorbital)  bone,  where  the  latter 
meets  the  lateral  ethmoid  bone.  The  foremost  suborbital  bone  forms  the  greater  ])art  of  the 
side  of  the  snout,  being  united  in  front  as  a covering  bone  to  the  ento- (meso-)  pterx'goideum 
and  the  quadrate  bone,  but  leaving  behind  the  latter  an  opening  in  the  middle  for  about  a 
third  of  the  depth  of  the  snout;  the  middle  suborbital  bone  is  united  below  to  the  sym- 
plecticum;  the  hindmost  suborbital  bone  both  to  the  sy  m j)!  ec  t icu  m and,  behind,  to  the 
preoperculuni.  We  refer  to  the  oi)ercular  apparatus  a narrow,  lancet-shaped,  thin  bone 
which  lies  along  the  in.side  of  the  horizontal,  forward  branches  of  the  preoperculum  and  the 
symplecticum  and  the  horizontal,  backward  branch  of  the  quadrate  bone.  This  lancet- 
shaped  bone  is  united  bj'  ligaments  behind  to  the  upper  part  of  the  ceratohyoid  bone  and 
in  front  to  the  angular  part  of  the  lower  jaw.  The  latter  union  clearlv  shows  that  the  bone 
must  be  an  interoperculum,  corresponding  most  nearlv  in  form  and  position  to  the  inter- 
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operculum  in  Tctrodon  for  example,  though  here  it  has  passed  within  the  symplecticum 
and  become  united  behind  to  the  upper  ])art  of  the  outside  of  the  ceratohyoideum,  instead 
of  retaining  its  union  to  the  suboperculum,  which  is  here  reduced  to  an  extremely  thin  disk 
within  the  lower  margin  of  the  operculum. 

The  lower  jaw  is  remarkable  for  its  extraordinary  depth  behind  and  its  sharply  curved 
and  toothless  dental  part.  The  maxillary  bones  are  comparatively  well-developed  and  their 
hind  dower)  extremity  is  expanded;  but  the  toothless  intermaxillaries  are  small,  styliform, 
and  without  nasal  processes.  The  palatine  bones  are  shorter  than  the  maxillaries  and  of 
fairh'  uniform  breadth.  .\t  the  anterior  angle  of  the  union  of  each  palatine  hone  to  the  top 
of  the  ascending  branch  of  the  (piadrate  hone  we  find  the  narrow  pterygoid  hone,  which  is 
bent  at  an  obtuse  angle,  and  behind  the  said  union,  close  to  the  ridge  of  the  snout,  the 
entopterygoid  bone,  which  is  united  in  the  same  manner  to  the  quadrate  bone.”  On  p.  664 
S.  adds:  “The  tongue  is  wanting,  and  the  glossohyoid  hone  can  hardly  be  discerned;  hut  the 
urdhyoid  bone  is  comparatively  long.” 

The  only  point,  in  which  S.  seems  to  he  mistaken,  is  that  he  has  found  3 suborbital 
hones;  in  fact  his  anterior  sub-  or  infraorbital  is  only  the  anterior  outer,  plateshaped  part 
of  the  entopterygoid. 

Smitt  s work,  although  it  is  translated  into  English,  seems  not  to  have  been  noticed  by 
later  authors,  at  any  rate  not  so  far  as  the  Lophohranchiates  are  concerned;  and  all  the 
later  authors  are  far  inferior  to  him  in  their  interpretations. 

Gili,  (14  b,  p.l56)  saj^s:  “Some  erroneous  conceptions  have  been  entertained  and  misstate- 
ments made  respecting  features  of  the  pipefish’s  structure.  Only  a few  need  be  here  noticed, 
however.  Such  are  the  statements  that  the  iireoperculum  and  interoperculum  are  wanting, 
that  the  intermaxillaries  are  also  absent,  and  that  the  symplectic  is  a very  imiiortant  element. 
Tlie  preoperculum  and  interoperculum,  as  well  as  intermaxillaries,  are  developed,  but  I am 
unable  to  identify  the  symplectic.  In  no  respect  do  the  Lophohranchs  deviate  so  materially 
from  ordinary  fishes  as  has  been  supposed.  But,  as  long  ago  shown  by  Parker,  they  mani- 
fest, in  addition  to  the  peculiarities  generally  noticed,  deviations  in  the  scapular  arch.  There 
is  no  posterotemporal,  the  posttemporal  and  proscapula  being  immediately  connected,  and 
the  “coraco-scapular  plate”  is  entire  and  not  broken  up  into  hypercoracoid  and  hypocoracoid 
hones.”  What  Gii.i.  regards  as  preoperculum  and  interoperculum  is  not  clear,  but  he  un- 
doubtedly did  not  recognize  the  large  symplectic.  In  a later  paper  (14  c,  p.  805)  G.  has  adopted 
ScH.tFF’s  figures  and  interpretations,  and  accordingly  he  says:  “the  preoperculum  is  absent”; 
about  the  interoperculum  and  symplectic  nothing  is  stated. 

JoBDAN  and  Evf:bmann  (21  a,  p.  759)  include  among  the  distinctive  characters  for  their 
order  Lophohranchii  the  following  cranial  features:  “Superior  branchihyals  (i.  e.  epibranchials) 
and  pharyngeals,  and  basal  branchihyals  (i.  e.  hypobranchials  wanting  or  not  ossified.  Post- 
temporal simple,  coossified  with  the  cranium;  basis  of  cranium  simple  ...  Gillcovers  reduced 
to  a large  simple  plate.”  Most  of  these  statements  are  probably  taken  from  Cope,  but  they 
are  not  correct;  they  are  repeated  later  by  Jordan  and  Snyder  (22,  p.  3). 

A.  S.  Woodward  (59,  p.  370)  in  the  Synojisis  of  Families  included  under  his  Suborder 
Hemibranchii  states  for  the  Lophohranchii  (Solenostomatidce  and  Spngnathidce)  “opercular 
apparatus  much  reduced”,  and  ]).  380  for  the  Family  Syngnathida' : “ojiercular  apparatus 
reduced  to  operculum.” 

SwiNNERTON  (56  a,  p.  554)  referring  to  his  fig.  50,  copied  below,  says  about  Sijngnathus 
(Siphonostoma):  “The  palatine  bone  (pa.)  has  the  same  characters  as  in  the  stickleback  and 
like  that  is  partially  enclosed  posteriorly  by  the  single  pterj^goid  (c.).  The  ethmoid  region  . . . 
is  seen  to  owe  its  great  length  to  elongation,  not  of  the  hinder  half,  containing  the  meseth- 
moid  cartilage,  but  to  that  of  the  front  half,  consisting  purely  of  ethmoid  plate.  Nevertheless 
the  mesethmoid  hone  (fig.  50  e.  m.)  has  apparently  extended  quite  to  the  anterior  end,  including 
the  preethmoid  cornu.  The  palatine  hone  (pa.)  which  is  attached  to  the  pre-ethmoid  cornu  (pa'.) 
between  the  mesethmoid  bone  and  vomer  is  carried  too  far  forward  for  it  to  hear  any  rela- 
tionshii)  to  the  ])arethmoid  hone  (e.  p.  b.).”  'fo  the  above  I would  remark  1)  that  the  jjterygoid 
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ill  Siingnalhus  is  not  single,  an  ento-  and  an  ectoiitervgoid  being  present*;  2)  that  the  part 
of  S.’s  supposed  ethmoid  reaching  about  from  e.  m.  in  his  figure  to  ])a.'  is  really  the  vomer. 
Thus  the  palatines  (in  the  adult)  have  no  connection  with  the  ethmoid  at  all.  The  “acrartete” 
condition,  upon  which  S.  lavs  great  stress,  I think  (with  Daukste,  who  many  years  ago  observed 
the  same)  is  of  no  great  systematic  value,  p.  575  Sw.  compares  the  head  skeleton  of  (iasierosteiis, 
I'isliilaria  and  Sijngnathiis.  As  1 have  previously  under  Fistiilaria  quoted  his  words  at  some 
length  and  also  noted  some  of  the  mistakes  regarding  Siingnathiis,  I may  refer  the  reader  to 
p.  353  [77]  of  this  jiaper.  Here  I need  only  jioint  out  that  Sw.  has  correctly  observed  the 
position  of  the  pterotic,  jieculiar  to  all  Lojihohranchs  as  well  as  the  whole  group  here  under 
consideration,  and  furthermore  some  features  in  the  branchial  skeleton  of  Siphonoslonm, 
regarding  which  he  says  (p. 577):  “In  Syngnathus  the  first  and  second  hasihranchials  and  the 
second  hypohranchial  alone  are  present;  the  fourth  epibranchial  has  gone,  hut  the  edentu- 
lous pharyngohranchials,  though  rod-like,  occujiy  the  same  [losition  relatively  to  one  another 
as  in  Gasterosteiis.” 

Otherwise  his  interpretation  of  the  visceral  (inch  suspensory)  skeleton  is  far  from  being 
fortunate.  Thus,  not  only  the  statements  concerning  the  absence  of  the  hasihyal  (i.  e.  glosso- 
hyal)  and  the  suhoperculum  are  wrong,  hut  also  a good  deal  of  the  description  quoted  below, 

which  refers  to  his  figure  50;  the  latter  I have 
copied  here,  and  it  should  he  compared  with 
mj'  figures  4,  5,  9,  10,  on  PI.  V.  “The  true  infra- 
orbital, or  rather  the  first  hone  of  the  suh- 
orhital  series  (fig.  50,  s.  o.'),  articulates  with  the 
jiarethmoid  (e.  p.  h.)  above,  and  forms  the  lower 
border  of  the  narial  opening.  Ventrally  it  ap- 
pears to  divide  into  two  lamime,  lying  on  the 
outer  and  inner  sides  respectively  of  the  cheek 
muscles,  and  is  attached  by  its  lower  border  to 
the  combined  symplectic  and  ])re-operculum  (sym.  -|-  o.  pr.).  In  front  of  the  latter  lies  the 
greatly  extended  quadrate  (qu.),  of  which  only  the  small  part  indicated  by  the  dotted  line 
originated  by  ossification  of  cartilage.  Along  its  u])])er  and  anterior  borders  lie  three  bones, 
a,  1),  c,  whose  homologies  are  uncertain;  h.  and  c.  together  have  all  the  relationships  of  the 
pterygoid  in  the  stickleback,  hut  as  h.  is  developed  in  relation  to  the  vestigial  metaj)terygoid 
process,  it  must  he  the  metapterygoid  hone.  a.  is  probably  the  nasal.  The  palatine  is  insigni- 
ficant and  edentulous.’’  What  Sw.  here  calls  the  inner  lamina  of  s.  o.'  must  be  the  s^mi- 
plectic  (comp,  my  fi(t.  5 on  PI.  V);  the  combined  sym])lectic  and  preoperculum  is  simpl3'  the 
preojjerculum  alone;  b.  is  the  entopterygoid,  c.  the  ectopterygoid.  That  his  fig.  50  is  wrong 
with  regard  to  the  vomer  and  mesethmoid,  is  already  stated  above. 

Hl'ot  (19)  describes  (j).  211)  and  figures  the  cartilaginous  skeleton  of  the  newly  hatched 
young  of  Siinfjn.  diiinerilii,  S.  aciis  and  Ilij)])ocompiis  pntliilatm.  Regarding  the  skeleton  of 
the  adult  he  more  en  passant  makes  only  the  following  remarks,  which  he  ought  to  have 
omitted,  p.221:  “II  n’y  a pas  de  squelette  ojjerculaire  ni  de  ravons  branchiostiges”,  and  p.  252: 
“Le  squelette  cephalique  est  en  partie  membraneux,  en  partie  cartilagineux.”  (Perhaps  the 
latter  statement  does  not  concern  the  adult,  which  seems  not  quite  clear;  but  on  p.  280 
sub  No.  11  of  his  “Conclusions”,  which  certainly  regard  the  adult,  is  said:  “Le  squelette  est 
presque  entierement  fibreux.  On  ne  rencontre  de  cartilages  nets  que  dans  la  region  cranienne 
et  dans  les  rayons  des  nageoires”). 

Boulengeh  (4  a,  p.  152  and  b,  p.  174)  in  the  diagnosis  of  the  Croup  III,  Lophobranchii, 
of  his  Suborder  Calosteomi  includes  the  following  osteological  characters:  “ Prmoperculum 

* Neither  is  the  pterygoid  single  in  the  Gasterostei,  but  here  anteriorly  only  tlie  ectopterygoid  is 
present,  while  posteriorly,  joining  the  fij'omandibular,  is  found  a metapterygoid,  wliicli  is  overlooked 

by  Sw'INNERTON. 
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absent;  s3inplectie  imieh  elongate;  l)ranehial  aijparaliis  more  or  less  reduced  posttemporal 
simple,  immovablj'  attached  to  the  skull.” 

Reuan  (45  c,  p.  8)  \vrongl\'  states  that  “the  head  is  capable  of  considerable  movement 
in  the  vertical  plane,  the  occipital  condyle  being  convex.” 

Developmental  stages  of  the  head  skeleton  have  been  examined  more  or  less  thoroughly 
bv  PouciiET  (43)  {Syngnathiis),  Ryder  (48)  (Hippocampus),  Me.  Murrich  (34)  (Siinyuatlms),  SwiN- 
NERTON  (.)()  a)  (Sijihonostuma)  and  HuoT  (19)  (Synyiiatluis,  Hippocampus),  \\hth  exception  of 
Me.  Ml'rrk;ii  and  Swinnerton  (cfr.  above)  these  authors  seem  not  to  have  paid  sufficient 
attention  at  the  same  time  to  the  adult  structure.s,  and  therefore  some  of  their  interpretations 
of  the  cartilages  or  incipient  hones  are  not  always  quite  correct,  but  it  would  lead  too  far 
here  to  enter  into  details  regarding  this  matter. 

- 20  p.  308  [42],  The  earliest  remarks  regarding  the  shoulder-girdle  and  scapular  arch, 
known  to  me,  are  those  of  Kroyer  (29);  under  Sijuijn.  acus  he  mentions  on  p.  699  that  the 
nuchal  plate.s,  in  the  Pipefishes  generalh^  are  soldered  together  with  the  spinous  processes 
of  the  underlying  vertebrae  and  the  shoulder-apparatus,  the  first  nuchal  also  with  the  occipital 
hone;  ui)on  the  whole  the  ])lates  of  the  first  ring  are  coalesced  with  the  shoulder  to  such 
an  extent,  that  they  can  only  with  difficulty  be  .sei)arated  from  the  latter,  j).  702  is  said  that 
the  shoulder  only  consists  of  one  hone  (i.  e.  the  clavicle),  which  is  correctly  described  in 
details;  of  the  scapular  arch  K.  has  only  observed  one  hone,  after  his  description  evidently 
the  coracoid;  hut  it  is  regarded  as  the  “upper  arm”;  “the  remaining  bones  of  the  arm  and 
hand  are  quite  rudimentary.”  The  same  two  parts  Kr.  finds  in  Nerophis  u’quoreus  (p.  714) 
“where  the  forearm  and  hand  have  completely  vanished.” 

Parker  (40,  j).  30)  figures  the  shoulder-girdle,  seen  from  the  inner  side,  of  Sijuyn.  acus. 
He  correctly  observed  the  posttemporal  and  the  clavicle;  but,  as  already  mentioned  p.  303  [37] 
of  the  present  paper,  he  did  not  understand  the  scapular  arch:  the  coracoid  he  regards  as 
two  separate  “interclavicular”  bones;  the  scapula  is  completely  overlooked,  and  the  carti- 
laginous part  of  the  scapular  arch  is  considered  to  be  the  whole  “true  shoulder-girdle”,  “of 
extreme  interest,  as  it  is  persistently  soft,  and  has  undergone  no  segmentation.” 

Cope  (8.  p.  457)  has  adopted  the  posttemporal  and  also  the  “well  developed  inter- 
clavicles.” 

Moreau  (.36,  p.  30)  only  says:  “Ceinture  scapulaire  non  attachee  au  crane,  inais  a la 
colonne  vertehrale  et  aux  boucllers  anterleurs.”  That  v.  Klein  (26  c)  takes  the  postteinporal 
to  be  the  ejiiotlc  (“occipltale  externum”  v.  Kl.)  is  mentioned  above  p.  353  [87].  On  p.  251  he 
sax's:  “Die  Schultergiirtel  legen  sich  an  den  ersten  Wirbel  an”;  a statement  only  partly 
correct. 

ScHAEF  (50)  does  not  examine  the  shoulder-girdle;  but  on  p.  22  he  describes  in  Hippo- 
campus “die  Platte,  welche  die  Rrustflossen  tragt.”  From  this  description  it  is  evident,  that 
S.  regards  the  dermal  part  of  the  clavicle,  the  “cover  plate”  and  the  “jugular”  plate  as  one 
piece,  and  that  he  has  no  understanding  of  the  attachment  of  the  pectoral  fin. 

Lill,)ERORG  (32,  p.  449)  after  a correct  description  of  the  postteinporal  and  clavicular 
bones  says  that  “on  the  Inner  margin  of  the  clavicle  ....  is  found  a thin,  almost  membrane- 
like, cartilaginous  jilate,  which  may  represent  the  coracoid  and  scapular  bones,  and  at  the 
jiosterior  margin  of  this  plate  Is  the  attachment  of  the  pectoral  fin,  which  thus  appears  to 
he  hut  weak.‘’  The  ossified  parts  (coracoid,  scapula  and  basals)  are  thus  comjiletely  over- 
looked. 

Smut  (54,  ji.  666)  gives  a figure,  which  is  only  a combined  and  somewhat  altered  copy 
of  those  of  Parker;  the  coraco-scapular  jiart  is  introduced  into  Parker’s  figure  of  the  cla- 
vicular skeleton;  the  latter  is  corrected  in  so  far  that  it  has  only  one  “interclavicle”,  but 
Smitt  has  not  .seen  that  this  hone  is  really  the  coracoid.  The  four  hasals  or  pterygials  are 
wrongly  represented,  only  their  basal  jiart.s,  which  are  enclosed  in  the  coraco-scapular  car- 
tilage, being  jiresent  in  the  figure;  evidently  their  distal  parts,  which  Parker  compared  with 
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“slag’s-liorns”,  have  been  l)roken  oil'.  'I'luis  neither  Smitt  nor  I’AHKiiH  had  any  idea  of  the 
part  these  distal  branched  ends  play  as  means  of  fixation  of  the  pectoral  fin. 

'I'lie  few  remarks  by  GiiJ.  (14  b)  and  Joitu.VN  and  Evekmann  (21  a),  ajiparently  following 
Pahkeu,  are  quoted  above.  Siebenkock  (53,  p.  118)  describes  the  posttemporal  in  Ilippocumpiis 
and  mentions  the  attachment  of  the  clavicle  to  the  two  anterior  vertebra*. 

(iooDiucH  (15)  ascribes  (p.  dldf  to  tbe  Loi)bobranchli  “very  small  pectoral  radials”,  ]).  415 
adding  for  tlie  subtribe  13  (including  Syngnatbidie  and  Hipi)ocampida):  “with  a row  of  distal 
cartilages.”  That  his  (original)  figure  413  1)  is  incorrect  was  stated  on  p.  303  [37]  of  the  pre- 
sent paper. 

Hegan  (45  b,  p.  79)  cbaracterizing  Ihe  Siinpnathoidei  says;  “post-temporal  sinqile,  suturally 
united  to  the  cranium;  no  supracleithrum ; cleithrum  (irmly  attached  to  the  transverse  ])ro- 
cesses  of  the  two  anterior  vertebra*.”  Later  (45  c,  1910)  p.  8 he  states  that  “the  clavicle  is 
attached  to  the  exi)anded  transverse  process  of  the  first  vertebra.” 

21  p.  308  [42],  Regarding  the  nuchal  plates,  the  size  and  shape  of  which  are  often 
described  by  systematists,  1 may  |)oint  out  that  most  members  of  the  Hippocampine  grouj) 
are  i)ossessed  of  three,  a fact  which  does  not  seem  to  have  been  observed  before.  Thus 
Mobeai'  (30,  p.  35)  says  for  Hippocampus-.  “11  y a deux  pieces  nuchales”;  the  anterior  is 
de.scribed  in  detail  and  its  sha])e  com])ared  with  a crown.  “La  seconde  piece  nuchale  esl 
allongee,  elle  est  cHroite,  elle  fait  une  esi)ece  de  toit  au-dessus  de  I'espace  vide,  qui  reste 
entre  les  deux  pieces  laterales  superieurcs  du  premier  anneau  du  tronc  ou  de  I’anneau  sca- 
pulairc  (i.  e.  the  upper  parts  of  the  clavicle).”  From  this  description  follows  that  the  hind- 
most nuchal  plate  has  escaped  attention.  Schaff  (50,  p.  21 ) does  not  mention  any  number 
of  nuchals  in  Hippocampus,  but  be  seems  not  at  all  to  understand  the  structures  of  the 
nuchal  region:  “Die  Kxoccipitalia  und  das  Supraocci])itale  bilden  mebrere  zu  einem  kronen- 
artigen  (lebilde  verscbmolzene  Stacbeln,  an  welcbe  sicb  auf  Nackenschildern  noch  einige 
Hervorragungen  anschliessen.”  This  seems  to  mean  that  S.  regards  the  anterior  nuchal,  the 
“corona”,  as  i)art  of  the  skull.  No  better  is  the  following:  “Das  ersle  Schild,  welches  auf 
den  Kopf  folgt,  besteht  aus  zwei  auf  der  Medianlinie  des  Riickens  vcrschmolzenen , oberen 
Seitenschildern,  deren  Stacbeln  wie  die  der  gewohnlichen  Schilder  beschalfcn  sind.  Audi  die 
zugespitzte,  nach  unten  gerichtele  Flache,  die  sich  an  den  Kdrper  legt,  ist  vorhanden.  Dann 
aber  tritt  noch  jederseits  vorn  ein  schriig  nach  unten  verlaufender  Teil  hinzu,  der  sich  mit  dem 
die  Brustllosse  tragenden  Stuck  li.  e.  the  clavicle)  verbindel.  Nach  vorn  sjiitzt  sich  die  Riicken- 
(liiche  dieses  ganzen  Schildes  zu  und  lauft  in  drei  kleine  Fortsatze  aus,  vor  welchen  die 
Nackenschilder  mit  ihren  Frhehungen  liegen.” 

Dunckeb  (13,  ]).  21)  correctly  says  that  “Das  stark  hewehrte  Pranuchale  von  Hippocam- 
pus wird  als  Corona  bezeichnet”;  but  be  only  mentions  a Pranuchale  and  a Nuchale  in 
Loiihobranchs  generally. 

22  j).  309  [43].  The  presence  of  the  pseudobranchia  in  the  Sijnunalhida’  has  often  been 
denied  or  overlooked.  Thus  Meckel  (35,  6.  vol.,  p.  181)  and  KbOyeb  (29,  p.  079)  deny  its  existence, 
while  Retzii’s,  Kaui>,  COntheb,  DumLbii.,  Ryder,  Moreac,  Lh-L.ieborg,  Jordan  and  PIveumann*, 
lluoT,  perhajis  still  more  authors,  do  not  mention  it  at  all.  Rut  already  1841  JoH.  MOller 
37,  p.  78)  staled  regarding  [he  Lophohranchii:  “Haben  einige  Federchen  einer  Nebenkiemc 
vor  dem  ersten  Kiemenbogen.  Untersucht  warden  die  Cattungen  Siiiuimiiluis  Linn.,  Hippo- 
campus C.” 


Solenostomus. 

23  p.  311  [45].  Only  some  of  the  cutaneous  jiajiilla*  on  the  snout  have  been  observed  by 
previous  authors,  and  only  by  the  older,  while  later  authors  do  not  mention  them.  The 
mandibular  barbel  at  the  chin  seems  not  at  all  to  have  been  noticed. 

Sera  (51,  p.  106)  in  his  definition  of  Solenostomus  paradoxus)  says:  “Solenostomus 
varius,  roslro  cirrato-,  pinnis  dorsali  ct  ventralibus  i)rielongis”  (or  in  Dutch:  “Route  Sole- 
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nostoimis,  mel  een  gebaniden  snuil,  cmi  zeer  lanf>e  ruf'-  c'n  buiUviniicn and  Ibe  (lesfrii)li()n 
1.  c.  p.  107  runs:  “Inia  rostri  sede,  per  lotam  ejus  longitudinem,  sex  paria  nigricanliuni  cirro- 
ruin  ant  barbularum  i)roi)endent.  Pari  postreino  oculi  superiinininent  ” in  Dutch:  “Aan  bet 
ondereinde  van  den  snuit  langs  deszelvs  lengte  hangen  (i  paar  swartaglige  J)aardtjes  al'. 
Booven  bet  agterste  paar  staan  de  oogen  ”). 

Paixas  (39,  p.  33)  rostrum  ....  subtus  longitudinaliter  ijicostatnni  & ranicnlornm 

nigroruni  tribus  paribus  jequidistantibus  barbatuni. " His  fig.  6 on  Tab.  IV  is  bad  enough  but 
better  than  that  of  Seba;  it  shows  3 pairs  of  filaments  lielow  the  snout  but  the  hinder  pair 
at  some  distance  in  front  of  the  level  of  the  eye.  The  slender  shape  of  the  snout  and  of  the 
caudal  i)eduncle  (“Pone  hos  ])rocessus  [i.  e.  the  “hump”  for  1)2  and  A]  cauda  adtenuatior” 
etc.)  ])roves  sufficiently  that  his  species  really  must  be  our  Solen.  paradoxus. 

Bleeker  (2  a,  ]).  30X)  describing  “Solenostoma  i)aradoxum”  = our  S.  cijanopleras  does  not 
mention  any  cutaneous  filaments;  hut  later  {2  b,  p.  52)  he  states  for  “Solenostoma  paradoxum 
Lacep.  Bafin.”  = our  S.  paradoxus:  “...  rostro  acuto  ...  sextuplo  longiore  quam  parte  gracil- 
lima  alto,  in  feme  m u 1 1 ic i r r a t o.” 

Kaur  (25,  p.  2)  says  about  his  “ Solenostomus  paradoxus”;  “Some  of  the  specimens  have 
little  skinny  tags  round  the  mouth  and  rostral  tube,  as  represented  in  Pallas’s  ligure.”  Of  the 
5 specimens  known  to  Kaup,  and  by  him  called  S.  jHtradoxiis  (which  all  belong  to  the  Mu- 
seum of  Paris),  3 are  Sol.  cijanoplcriis  and  2 Sol.  paradoxus. 

p.  31(5  [50].  Information  about  the  vertebral  column  is  only  given  by  OCnther,  Bou- 
LEN(iER  and  Reran. 

GL'ntheh  (16  b,  p.  151):  “The  vertebral  column  is  composed  of  eighteen  abdominal  and 
fifteen  caudal  vertebrm,  the  vertebrae  gradually  decreasing  in  length  backwards,  so  that  the 
shortness  of  the  tail  is  caused  not  only  by  the  smaller  number  of  vertebrae,  but  also  by  their 
much  lesser  length.  Neural  and  ha?mal  spines  are  developed.”  Regan  (45  c,  p.(S):  “The  pne- 
caudal  vertebrae  have  short  transverse  processes  and  the  caudal  vertebra'  are  much  abbre- 
viated; ribs  are  absent.”  B()IEEN(;ei!  (4  c,  p.  633):  “Anterior  vertebrae  elongate,  without  trans- 
verse processes;  no  ribs.” 

]).  317  [51].  Dvmeiui.  (12  b,  ]>.  496)  incorrectly  states;  “les  raiyons  dc  toutes  les 
nageoires  non  articules.” 

About  the  number  of  fin  rays  in  the  ventrals  and  first  dorsal  most  authors  agree; 
onl}’  Bleeker  gives  for  S.  cijauopterus  V = ll,  presumably  having  counted  some  of  the 
bifurcated  rays  as  two  rays,  and  Dlmeril  gives  8 rays  in  the  ventrals  of  the  male  S.  para- 
doxus. That  SEii.v  gives  4 rays  in  the  first  dorsal,  together  with  other  apparent  mistakes, 
I think  is  due  to  the  bad  state  of  his  single,  dried,  specimen,  which  his  ligure  clearly 
proves.  The  number  16,  which  without  exception  I have  found  in  my  specimens,  I think 
will  prove  to  he  the  normal  number.  I hardly  believe  that  a variation  between  12  and  20, 
as  the  table  on  p.  323  [57]  shows,  would  he  possible,  where  a caudal  fin  is  developed  and 
enlarged  to  such  a degree,  as  is  the  case  in  the  present  genus.  In  the  other  fins,  where 
the  number  of  fin-rays  are  greater  and  their  structure  weaker,  the  numbers  ai)parently  vary 
slightly. 

p.  319  [53].  Boulenger  (4  c,  ]). 633)  states:  “no  pra'operculum ; symi)lectic  elongate”,  the 
onl\'  remarks  about  cranial  structures  found  in  the  literature. 

p.  319  [53].  CiCnther  (16  h,  p.  150)  states  for  the  whole  Order  V.  Lo])hohrancbii,  com- 
prising Solenostomida' : “ (lill-cover  reduced  to  a large  simple  plate.”  A.  S.  Woodward  (59, 
j).  379)  for  Soleu.:  “Opercular  ap])aratus  reduced  to  operculum  and  very  few  branchiostegal 
rays.”  .\lso  Jordan  and  .Snyder  (22,  p.  3)  repeat  for  the  Lophohranchs:  “Gill  covers  reduced 
to  a large  simple  plate.” 
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2S  p.  319  [53],  ('li'NTliEH  ( 19  1>,  |)1')1):  “ Braiichiosteffals  lour,  very  Ihiii.”  Tlic  same  is 
rei)eate(l  by  .Iokdan  and  Snydeii  (22,  p.  3). 

p.  321  [55].  (4  Ta  ie  HE(iAN  (451),  p.  79)  says:  “])eel()ral  areh  normally  altaehed  to  skull; 
post-temporal  and  supracleithrum  similar  to  stellate  ossilications  on  body”;  and  later  (45  c, 
p.  8):  “The  membrane  bones  of  the  pectoral  arch  are  a trifurcate  i)ost-temporal,  loosely 
attached  to  the  cranium,  a supra-claviclc,  and  a clavicle.  The  i)teryf*ials  are  four  in  number, 
rather  large,  but  very  thin  and  similar  to  tho.se  of  Syngnathus  as  figured  by  Parker.” 

^0  p.  322  [56].  GCN'i'iiEii  (16  b,  p.  15P:  “The  i)elvis  consists  of  two  i)air.s  of  cartilaginous 
laminae,  the  convex  margin  of  the  anterior  fitting  into  an  angle  of  a dermal  bone  which 
separates  the  pelvis  from  the  well-ossified  humeral  arch.” 

31  p.  325  [59].  About  the  gill-a])paratus  the  only  |)revious  statements  are  the  following: 

GPntheu  (16  1),  p.  151):  “])seudohranchi;c  absent”;  Poui.ENCiEU  (4  c,  ]).  633):  “gill-lamellae 

small  rounded  lobes”;  Regan  (45  h,  j).  79):  “gills  lohale”,  and  (45  c,  p.  8):  “The  gill-fringes  are 
reduced  in  number  and  thickened.” 

32  j).  326  [60].  About  the  alimentary  tract  Paeeas  says  (39,  p.  35):  ""Vciilriciilus  vesicularis. 
('aiKilis  (ilimcnlariiis  ampins,  a'ciuahilis,  fere  recta  a ventriculo  ad  anum  deductus.  Hepar 
dexterius,  sub  initio  canalis  alimentarii  ” (iuxTiiEU  (16  h,  i).151):  “Intestinal  tract  very  simple, 
with  a stomachic  dilatation,  without  pyloric  a|)pendages.” 

33  |).  327  [611.  Paulas  (39,  ]).  35):  Ouariiun  posterius  duplex,  ad  dorsum  longitudinalia, 
linearia,  in  anum  terminata;  referta  ovulis  llavescentihus,  grano  jxipavcrco  sicco  fere  icqua- 
lihus.”  GOntheii  (16  h,  ]).  151)  only  remarks:  “Ova  very  small.”  The  ova  preserved  in  the 
ventral  i)ouch  of  my  s])ecimen  of  S.  paradoxus  measure  0,64—0,69  mm.,  and  they  have  been 
partly  dried. 
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List  of  reference  letters. 


Skull. 

al : alisphenoid 
ao”,  ao',  ao:  preorbitals 
eo;  exoccipital 
ep : epiotic 
f;  frontal 
mes:  mesethmoid 
na : nasal 
ob:  basioccipital 
pa ; parasphenoid 
pf:  postfrontal 
prf : prefrontal 
pro : prootic 
pt:  posttemporal 
so:  snpraoccipital 
sq:  pterotic  (squamosal) 
vo;  vomer 

Jloiith  parts, 
an : angular 
ar:  articular 
d:  dentary 


i;  interniaxilla 
mx : maxilla 

Suspensory  api»aratus. 
ect : ectopterygoid 
ept : entopterygoid 
by:  hyomandibular 
mt:  metapterygoid 
pa:  palatine 
pro:  preoperculum 
qu:  quadrate 
sy:  symplectic 

Opercular  apparatus, 
io:  interoperculum 
o:  operculum 
s:  suboperculum 

Hyoid. 

ch : ceratobyal 
eh:  epihyal 
gl : glossohyal 


by':  lower  liypobyal 
b}'”:  upper  bypohyal 
r:  branchiostegal  ray 
st:  stylohyal 
u : urohyal 

Braiicliial  skeleton. 

1-  V:  gill-arches 

c:  ceratobrancbial 
co:  copula  (basibrancbial) 
e:  epibranchial 
by:  hypobranchial 
ph:  pharyngobranchial 

Shoulder-Girdle  and  pectoral 
ba:  basals  (pterygials) 
cl : clavicle 
CO : coracoid 
pci : postclavicle 
pt:  posttemporal 
sc:  scapula 
scl : supraclavicular 


arch. 


Plate  I 


Plate  I. 


(For  letters  see  List  p.  3(54  [il8].) 

Figs.  !■ — F Aulostoma  colorufuni. 

Fig.  1:  Skull  from  left  side.  knob  for  attacbment  of  ossified  tendon. 

— 2:  Skull  from  aljove. 

3 : Skull  from  below. 

— 4 : Skeleton  of  bead  from  left  side. 

Figs,  o-  (J:  Fisliilaria  labacaria. 

Fig.  5 : Skeleton  of  bead  from  left  side. 

- 6:  Skull  from  above,  k:  rugosity  for  attacbment  of  ligament  to  first  vertebra  (cfr.  p.  289  [23]). 

Figs.  7 -8:  Fistiilaria  petimba. 

Fig.  7;  Skull  from  below.  1:  lamelliform  process  from  parasi)benoid. 

8:  I'rout  view  of  posterior  wall  of  orbit.  Frontals  and  paraspbenoiti  eut  tbrougb  transversely. 

Figs.  9-10:  Aulostoma  coloraiiim. 

Fig.  9.  Anterior  four  coalesced  vertebra-  and  foremost  free  vertebra-,  from  below,  b:  articular  process; 

t:  ti-ansverse  ])rocess;  * attacbment  for  ligament  to  posttemporal;  n;  openings  for  passage 
of  nerves  and  blood-vessels. 

10:  tbe  same,  from  left  side,  n’ : ojjenings  for  nerves  and  vessels;  a:  anterior  part  of  neui-al  arch 
(cfr.  p.  272  [6]). 

Fig.  11:  Fistiilaria  petimba. 

Fig.  11  : Anterior  four  coalesced  vertebra-  and  foremost  free  vertebra-  from  below.  furrow  for  aorta 
crossing  over  to  left  side.  : attacbment  for  ligament  connected  with  posttemporal. 
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Plate  II. 


Plate  II. 


(For  letters  see  List  p.  3154  [DS].) 

Figs.  1 — 2:  Fistiilaria  petimba. 

l-'iff.  1:  I’liarynx  parth’  dissected  to  show  Ijranchial  skeleton;  upper  pharyngeal  wall  cut  through  along 
its  middle  line  and  turned  outward. 

— 2:  Upper  part  of  branchial  skeleton  and  gills,  from  right  side. 

Figs  3—4:  Aiilostomu  coloratum. 

Fig.  3;  Pharynx  prepared  in  similar  way  as  in  Fig.  1,  showing  gill-clefts,  tooth-plates  representing  gill- 
rakers  etc. 

4:  Ui)pcr  parts  of  branchial  skeleton  and  gills,  right  side,  v:  branchial  vessels. 

Figs.  5— () ; Fistiilaria  petimba. 

Fig.  5:  Right  hj'oid,  outer  face,  (st):  stylohyal  coalesced  with  cpihyal  eh. 

— (5:  The  same,  inner  face. 


Figs.  7 — (S:  Aiilostomu  coloratum. 

Fig.  7:  Right  hyoid,  inner  face. 

■ — 8:  The  same,  outer  face. 

Fig.  1):  Fistiilaria  petimba. 

Fig.  !):  Anterior  part  of  vertebral  column;  left  side.  1—3;  nuchal  plates;  td;  ossiiied  tendons  (posterior 
ends  cut  away). 


Fig.  1(1:  Aiilostoma  coloratum. 

Fig.  10:  Abdominal  and  anterior  caudal  vertebra.*;  left  side,  a,  h,  t and  ^ as  in  Figs.  9—10  on  PI.  I; 
1 — 3:  nuchal  plates;  4 — 1(5;  interspinous  hones;  s:  spinous  rays  of  dorsal  fin. 
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Plate  III. 
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(For  letters  see  List  ji.  364  [98].) 

Figs.  1—2;  Siphonostoma  typhle. 

Fig.  1 : Left  slioulder-girdle  and  pectoral  arch,  anterior  vertebrie  and  part  of  dermal  skeleton;  inner  side. 

L 'lll;  anterior  vertebra*;  t:  transverse  processes;  ml,  il:  median  and  inferior  lateral  plates; 
j:  jugular  plate;  o:  outer,  i:  inner  fork  of  clavicle;  co' : posterior  part  of  coracoid. 

- 2:  Same  parts,  outer  asjject.  n : prenucbale;  n:  nucbale;  si,  ml,  il:  superior,  median  and  inferior 

lateral  plates;  e:  cover  plate;  j:  jugular  plate;  i:  intermedial  scutes;  p,  p’ : processes  of 
clavicle  cl. 

Fig.  3 : Hippocampus  sp. 

Fig.  3:  Left  sbonlder-girdle  ami  anterior  part  of  dermal  armour;  outer  aspect  n’ : “corona’’  (prenucbale); 
n”:  posterior  nucbale;  1:  bod}'  of  foremost  vertebra;  v:  ventral  dermal  plates. 

Figs.  4 — 5:  Aulostoma  coloratiim. 

Fig.  4:  Left  sbonlder  girdle,  without  posttemporal;  outer  asi)ect. 

- .■) ; Tlic  same,  inner  aspect,  f:  opening  between  inner  (i)  and  outer  (o)  fork  of  clavicle  and  cora- 

coid (co). 

Figs.  6 — 7 : Siphonostoma  typhle  (juv.). 

Fig.  6:  Left  sbonlder  girdle  and  pectoral  lin;  innci'  aspect. 

- 7:  The  same;  outer  aspect. 


Figs.  8 -9:  Fistalaria  petimba. 

Fig.  8:  Left  shoulder  girdle,  from  inner  side;  without  supraclavicular  and  posttemporai ; i,  o,  f etc.  as 
in  Fig.  5. 

— 9:  The  same,  outer  aspect. 

Figs.  10 — 11;  Solenostomns  cyanopterus. 

Fig.  lb:  Part  of  musculature,  visceraetc.  of  (5'.  ps:  Pseudobranebia;  1 — IV:  first  to  fourth  row  of  gills; 

o:  opening  between  gill-chambers;  c:  heart;  oe:  oesophagus;  i:  intestine;  r:  rectum;  bd: 
entrance  of  bile-duct;  comp.  p.  325  [59];  1:  liver;  td : ossified  tendon;  k:  kidney; 

1)1:  air-bladder;  te:  testis. 

— 11:  Filament  (magnified)  from  brood-sac  of  9i  showing  suckers  on  ends  of  brancblets;  ax:  bony 
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Plate  IV. 


I’lalo  IV. 


(For  letters  see  List  p.  3()4  |98].) 

F'ig.  1:  Siphonosiomn  tijphle. 

Fig.  1 : Last  two  abdominal  and  anterior  caudal  vertebne  with  dorsal  and  anal  fins,  from  left  side ; 

showing  interspinous  bones  arranged  in  fanshaped  groups,  t:  transverse  process;  v:  wing- 
shaped secondaiw  process  for  attachment  of  tin-muscles;  sp:  inferior  spine;  a:  anus;  between 
tlie  latter  and  tlie  abdominal  vertebr®  part  of  viscera  is  seen. 

Fig.  2:  Hippocampus  breuirostris. 

Fig.  2:  Corresponding  part  to  that  of  Fig.  1,  from  left  side. 

Figs.  3 — 4:  Siphonostoina  typhle. 

Fig.  3;  Anterior  three  vertebr®,  from  below  (much  enlarged);  a:  articular  process,  connecting  with 
skull;  t:  transverse  process. 

— 4:  The  same,  from  left  side. 

Fig.  o : Syngnathus  aciis. 

Fig.  Anterior  three  vertehr.-e,  from  left  side,  n:  nuchale  in  situ  (part  of  the  laterally  exjianded  plate 
cut  away). 

Figs.  6 — 11:  Siphonosioma  lyphle. 

Fig.  (i:  Last  abdominal  vertebra,  from  right  side.  i,i:  incisions  in  spinous  process,  for  insertion  of 
interspinous  hones.  Other  letters  as  in  Fig.  1. 

— 7:  The  same  from  above. 

— 8:  First  caudal  vertebra,  from  left  side,  i:  interspinous  hone;  u : its  terminal  upper  end;  e:  bony 

expansion  just  below  the  latter. 

— !):  The  same,  seen  from  behind,  ia : inferior  (open)  arch.  Other  letters  as  in  Fig.  8. 

10:  Last  caudal  vertebra,  left  side,  h,  hg:  upper  and  lower  hypural  hones. 

11:  Coalesced  interspinous  bones  for  anal  fin  with  cartilages  removed  (much  enlarged),  e:  bony 
expansions  for  connection  with  dermal  scutes,  originating  just  over  terminal  end  u. 

Fig.  12:  Nernphis  eequorens. 

Fig.  12:  Three  groups  of  interspinous  bones  for  dorsal  tin,  from  above;  showing  lateral  bon}'  expansions 
(e)  on  the  left  side,  and  on  the  right  side  the  same  overlapped  by  the  superior  lateral  (si) 
and  upper  intermedial  scutes  (ii.  The  posterior  3 interspinous  hones  belong  to  one  vertebra; 
the  2 other  grou|)s  each  of  4 interspinous  hones  are  supported  each  h}’  one  vertebra,  the 
smaller  interneurals  connected  with  the  intermedial  seutes  i being  the  hindmost  of  each 
group,  u;  terminal  end  of  interspinous  bones. 
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Fig.  8 ; 


Fig.  9 : 


Fig.  10: 


(For  letters  see  List  p.  304  [98|.l 


Figs.  1 — 5:  Siplwnostoma  tijphle. 

Skull  from  above  (magnified),  c:  snout-cartilage. 

Tlie  same  from  below. 

Skull  from  behind. 

Head  skeleton  from  left  side.  Kntopterygoid  (ept)  and  preorbitals  (ao’  ao)  are  removed  a little 
from  contact  with  the  cranial  heak. 

Mouth-parts,  suspensory  and  opercular  parts  and  hyoid  from  right  side,  inner  aspect.  1 : liga- 
ment between  symplectic  (s3’)  and  stylohyal;  li:  ligament  between  angular  (an)  and  inter- 
operculum (io);  li’:  ligament  between  interopcrculum  and  h^mid  (h).  Through  the  trans- 
parent interoperculum  (io)  the  skeletal  parts  covered  In’  the  latter  are  visible. 

Figs.  6 — 7 : Hippocampus  brevirostris. 

Skull  from  left  side.  groove  for  attachment  of  nuchal  tendon;  |):  branch  of  posttemporal  (pt) 
connecting  with  exoccipital  (eo). 

Suspensorj'  parts  and  preorbitals  from  left  side,  outer  aspect. 


Fig.  8:  Phyllopteryx  folialiis. 

Head-skeleton  from  left  side,  g:  gill-opening;  h:  hyoid;  u:  urohyal. 


Fig.  9 : Nerophis  ophidian. 


Head-skeleton  from  right  side,  n’:  prenuchale;  t:  ossified  tendon  of  nuchal  mu.scles;  x;  dermal 
plates. 

Fig.  10:  Nerophis  cecjuoreiis. 

Head-skeleton  from  right  side,  x:  as  in  the  preceding  figure;  h:  h3’oid ; ii:  urohyal. 


PI.  r. 
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Plate  VI. 


Plate  VI. 


(For  letters  see  List  (i.  .‘it)4 

Fig.  1 : Siphoiiostoina  lijphle. 

Fig.  1 : Hj  oid  and  pharynx  sliowing  giii-clefts  and  branchial  skeleton,  from  right  side.  Knds  of  branch 
ostegal  rays  (r)  cut  away. 

Figs.  2 — 3:  Solenostomiis  cyanoplerus. 

Fig.  2:  Hyoid  and  branchial  skeleton  from  left  side,  outer  aspect. 

— 3;  Left  hyoid,  inner  aspect. 


Figs.  4 -5:  Siphonostoina  typhle. 

Fig.  4:  Kight  hyoid,  inner  aspect.  Greater  part  of  branchiostegal  rays  cut  away. 

— 5:  The  same,  outer  aspect. 

Figs.  6— 9:  Solenostomiis  cijanoptenis. 

Fig.  (i:  Left  maxilla  inferior,  outer  aspect. 

— 7:  Ui)per  pharyngeals  from  right  side,  lower  aspect. 

8:  The  same,  from  above. 

— 9:  Hranehial  skeleton.  Upper  pharyngeals  showing  lower  face  (comp.  Figs.  1 and  3 on  FI.  II). 

F'ig.  10 : Siphonostoina  lyplile. 

Fig.  10:  Pharynx  and  branchial  skeleton,  prepared  in  a similar  way  as  bigs.  1 and  3,  FI.  11. 

Fig.  11:  Hippocampus  lonyirostris. 

Fig.  11:  Hranehial  skeleton,  prepared  as  the  preceding. 

Fig.  12:  Neropliis  leqiioreiis. 

Fig.  12:  Hyoid  and  branchial  skeleton,  prepared  as  in  Figs.  10  and  11. 
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Plate  VII. 


Plate  VH. 


(For  letters  see  List  p.  364  [98J.) 

Figs.  1--2:  Fistiilaria  labacaria. 

Fig.  1:  Young  Fistiilaria  of  43  mm.  length  (witliout  the  caudal  filament),  v;  rudiment  of  ventral  fin. 

2 : Part  of  skin  of  tlie  same,  more  strongly  magnified,  showing  dermal  booklets,  v:  ventral  fin. 

Figs.  3— (i:  Solenostomus  cijanopterus  S'. 

Fig.  3;  Skeleton,  from  left  side.  Operculum  and  shoulder-girdle  (except  posttemporal)  removed;  1 — 111: 

anterior  three  immovable  vertebra;;  o;  indication  of  opening  between  branchial  cavities; 
p;  pubic  bone;  cr;  muscular  crest  on  the  same;  * lower  posterior  part  of  pelvis. 

4:  Left  shoulder-gii-dle  and  pectoral  arch,  inner  aspect;  without  posttemporal  and  supraclavicular, 
p and  p’:  processes  on  clavicle  (comp.  Figs.  1,  2,  3,  6 and  7 on  PI.  111). 

5;  Left  shoulder-girdle  and  pectoral  fin,  ouler  aspect. 

6;  cf,  showing  dermal  skeleton,  nasal  organ,  opereulum  (o)  and  suhoperculum  (s),  branchiostegal 
ray  (r)  etc.  1 — V;  superior  row  of  unpaired  median  scutes;  1 — IV^:  lower  row  of  unpaired 
Scutes;  1 (i : members  of  the  thoracic  transverse  rows  of  scutes. 
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I,  tned  42  Tavler,  1880—86  

I’rylz,  K.  Undevsegelser  over  Lysets  Brydning  i Dampe  og  tilsvarende  Vaedsker.  1880  . 

Boas,  J.  E.  V.  Studier-  over  Decapodernes  Slffigtskabsforliold.  Med  7 Tavler.  Resume  en  fraiifais. 
Steeiistrup,  Jap.  Sepiadarium  og  Idiosepius,  to  iiye  Slaegter  af  Sepiernes  Familie.  Med  Bemaerkninger  om 

to  beslaegtede  Former  Sepioloidea  D’Orb.  og  Spirula  Lmk.  Med  I Tavle.  Resume  en  francais.  1881 
Coldiiig,  A.  Nogle  Undersogelser  over  Stormeii  over  i\ord-  og  Mellem-Europa  af  I2‘e— U^e  Novb.  1872  og 
■ over  den  derved  fremkaldte  Vandflod  i Ostersoen.  Med  23  Planer  og  Kort.  Resume  en  fraiifais.  1881 
Boas,  J.  E.  V.  Oin  en  fossil  Zebra-Form  fra'  Brasiliens  Campos.  Med  et  Tillaeg  om  to  Al  ter  af  Slaegteii 

Hippidion.  Med  2 Tavler.  1881  

Sleeii,  A.  Integration  af  en  line<Er  Dillerentialligning  af  andcn  Orden.  1882  . . . . ; 

Rrabbe,  II.  Nye  Bidrag  til  Kundskab  om  Fuglenes  Baendelorme.  Med  2 Tavler.  J882  • ■ • ; '• 

Baiinover,  A.  Den  menneskelige  Hjerneskals  Bygning  ved  Anenceplialia  og  Misdannelsens  Forhold  t^l 
Hjeriieskallens  Priinordialbrusk.  Med  2 Tavler.  Extrait  et  explication  des  planches  en  fraiifais.  188^ 

Den  menneskelige  Hjerneskals  Bygning  ved  Cyclopia  og  Misdannelsens  Forhold  til  Hjeriieskallens^ 

Priinordialbrusk.  Med  3 Tavler.  ‘ Extrait  et  explic.  des  planches  en  fraiifais.  1884  

Den  menneskelige  Hjerneskals  Bygning  ved  Synotia  og  Misdannelsens  Forhold  til  Hjerneskallens  Pri- 

mordialbrusk.  Med  1 Tavle.  Extrait  et  explic.  des  planches  en  fraiifais  1884  

Lebinaiin,  A.  Forsog  paa  en  Forklaring  af  Synsvinklens  Indllydelse  paa  Opfattelscn  af  Lys  og  Farve  ved 
direkte  Syn.  Med  1 Tavle.  Resume  en  fraiifais  1885  

II,  med  20  Tavler,  1881-86.  . . 

Warming,  Eug.  Familien  Podoslemaceae.  1®*®  Afhandling.  Med  6 Tavler.  Resume  et  explic.  des  planches 

en  fraiifais.  1881  

Lorenz,  L.  Om  Metallernes  Ledningsevne  for  Varnie  og  Elektricitet.  1881  

Warming,  Eng.  raniilien  Podosteniaceae.  2^^"  Afhandling.  Med  9 Tavler.  Resume  et  explic.  des  planches 

en  franc.ai.s.  1882  

Christensen,  Odin.  Bidrag  til  Kundskab  om  Manganets  liter.  1883  

Lorenz,  L.  Farvespredningens  Theori.  1883  

Gram,  J.  P.  L'ndersegelser  ang.  Maengden  af  Primtal  under  en  given  Cramse.  Resume  en  fraiifais.  1884 
Lorenz,  L.  Bestemmelse  af  Kviksolvsojlers  elektriske  Ledningsmodstande  i absolut  elektromagnetisk 

Maal.  1885  

Traiisledt,  M.  P.  A.  Spolia  Atlantica.  Bidrag  til  Kundskab  om  Salperne.  Med  2 Tavler.  Explic.  des 

planches  en  fraiifais.  1885  

Bohr,  Chr.  Om  Htens  Afvigelser  fra  den  Boyle-Mariotteske  Lov  ved  lave  Tryk.  Med  1 Tavle.  1885  . 

lindersogelser  over  den  af  BlodfarvestoHel  optagne  Htniamgde  udfortc  ved  Hjaelp  af  et  nyt  Absorptio- 

meter.  Med  2 Tavler.  1886  

Thiele,  T.  N.  Om  Definilionerne  for  Tallet,  Talarterne  og  de  tallignende  Bestemmelser.  1886  

III,  med  6 Tavler,  1885 — 86  

Zeuthen,  H.  G.  Keglesnilslairen  i Oldliden.  1885  

Levlnsen,  G.  Jl.  11.  Spolia  Atlantica.  Om  nogle  pelagiske  Annulata.  Med  1 Tavle.  1885  

Rung,  G.  Selvregistrerende  meteorologiske  Instrumenter  Med  1 Tavle.  1885  

Illeinert,  Fr.  De  eucephale  Myggelarver.  Med  4 dobb.  Tavler.  Resume  el  explic.  des  planches  en 

francais.  1886  

iv,  med  25  Tavler.  1886-88  

Boas,  J.  E.  V.  Spolia  Atlantica.  Bidrag  til  Pteropodernes  Morfologi  og  Systematik  samt  til  Kundskaben  om 

deres  geografiske  Udbredelse.  Med  8 Tavler.  Resume  en  fraiifais.  1886  

Lehmann,  A.  Om  Anvendelsen  af  Middelgradationernes  Metode  paa  Lyssansen.  Med  1 lavlc.  1886  . . . 
Uannover,  A.  Primordialbriisken  og  dens  Forbening  i Triincus  og  Extremiteter  hos  Mennesket  for  Fad- 

selen.  Kxtrait  en  fraiifais.  1887  

Lulken,  Chr.  Tillmg  til  «Bidrag  til  Kundskab  om  Arterne  af  Slacgten  Cyamus  Latr.  eller  Hvallusene*. 

Med  1 Tavle.  Resume  en  fraiifais.  1887  • ■ 

Fortsatte  Bidrag  til  Kundskab  om  de  arktiske  Dybhavs-Tudsefiske,  smrligt  Slmgten  Hitiucntolophus. 

Med  1 Tavle.  Resume  en  fraiifais.  1887  

• Kritiske  Studier  over  nogle  Tandlivaler  af  Slmgterne  Tursiops,  Orca  og  Ldyenorhynchus.  Med  2 

Tavler.  Resume  en  francais  1887  ....  % 

Koefoed,  E.  Studier  i Platosoforbiiidelser.  1888  

Wanning,  Eug.  Familien  Podoslemaceae.  3'''®  Afhandling.  Med  12  Tavler.  Resume  et  explic.  des  planches 

en  franfais.  1888  

"V.  med  11  Tavler  og  1 Kort.  1889—91  ^ 

Lulken,  Chr.  Spolia  Atlantica.  Bidrag  til  Kundskab  om  de  tre  pelagiske  Tandhval-Slaegter  Steno,  Del- 

phinus  og  Frodelphinus.  Med  I Tavle  og  1 Kort.  Resume  en  fraiifais.  1889  

Valentiner,  H.  De  endelige  Transformations-Cruppers  Theori.  Resume  en  fraiifais.  1889  

, Hansen,  U.  J.  Cirolanidae  et  familiae  nonnulla;  propinqua;  Musei  Hauniensis.  Et  Bidrag  til  Kundskaben 

om  nogle  Familier  af  isopode  Krebsdyr  Med  10  Kobbertavler.  Resume  en  franfais.  1890  

Lorenz,  L.  Analytiske  TJndersogelser  over  Pri»italmiEngderne.  1891 
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VI,  mod  4 Tavler.  1890 — 92  IS-  75. 

1.  liorenz,  L.  Ly#bevaegelsen  i og  uden  for  en  af  plane  Lysbolger  belyst  Kugle.  1890  2.  • 

2.  Sereascii,  William.  Om  Forbeninger  i Svommeblaeren,  Pleura  og  Aortas  Vaeg  og  Sammensmeltningen  deraf 

med  Hvirvelsojlen  sserlig  hos  Siluroiderne,  samt  de  saakaldte  Weberske  Knoglers  Morfologi.  Med 
3 Tavler.  Kesume  cn  frangais.  1890  3.  80. 

3.  Warming,  Eiig.  Lagoa  Santa.  Et  Bidrag  til  den  biologiske  Plantegeografi.  Med  en  Fortegnelse  over  Lagoa 

Santas  Hvirveldyr.  Med  43  lllustrationer  i Texten  og  I Tavle.  Resume  en  frangais.  1892  10.  85. 

VII,  med  4 Tavler.  1890—94  13.  75. 

1.  dram,  J.  P.  Studier  over  nogle  numeriske  Funktioner.  Resume  en  frangais.  1890  1.  10. 

2.  Prjlz,  K.  Methoder  til  korte  Tiders,  sterlig  Rotationstiders , Udmaaling.  En  experimental  Undersegelse. 

Med  16  Figure!'  i Te.xten.  1890  1 50. 

3.  Petersen,  Emil.  Om  nogle  Grundstoifers  allotrope  Tilstandsformer.  1891  1-  60. 

4.  Warming,  Eiig.  Familien  Podostemaceae.  4'*®  Afhandling.  Med  c.  185  mest  af  Forfatteren  tegiiede  Figurer 

i 34  Crupper.  Resume  et  explication  des  figures  en  frangais.  1891  1.  50. 

5.  Christensen,  Odin  T.  Rhodaiichromammoniakforbindelser.  (Bidrag  til  Chromammoniakforbindelsernes  Kemi. 

lll.i  1891  .' 1-25. 

6.  Lutken.  Chr.  Spolia  Aflantica.  Scopelini  Musei  Zoologici  Universitatis  Hauniensis.  Bidrag  til  Kiindskab 

■ om  det  aabne  Havs  Laxesild  eller  Scopeliner.  Med  3 Tavler.  Resume  en  frangais.  1892  3.  50. 

7.  'Pewsen,  Emil.  Om  den  elektrolytiske  Dissociationsvarme  af  nogle  Syrer.  1892  1.  25. 

8.  Petersen,  0.  G.  Bidrag  til  Scitamineernes  Anatomi.  Resume  en  frangais.  1893  2.  75. 

9.  Liiiken,  Chr.  Aifftet  Tillaeg  til  «Bidiag  til  Kundskab  om  Arterne  af  Slaegten  Gyamus  Latr.  eller  llval- 

lusene».  Med  1 Tavle.  Resume  en  frangais.  1893  “ 85. 

10.  Petersen,  Emil.  Reaktionshastigheclen  ved  Methylaitherdannelscn.  1894  1.  50. 

VIII,  med  3 Tavler.  1895-98  12.  25. 

1 . Melnerl,  F.  Sideorganerne  hos  Scarabae  - Larvenie.  Les  organes  lateraux  des  larves  des  Scarabes.  Med 

3 Tavler.  Resume  et  explication  des  planches  en  frangais.  1895  3.  30. 

2.  Petersen,  Emil.  Dampti yksformindskelsen  af  Methylalkohol.  1896  1.  • 

3.  lliichwaldt,  F.  En  rnathematisk  Undersegelse  af,  hvorvidt  Vaedsker  og  deies  Dampe  kunne  have  en  faelles 

Tilstandsligning,  baseret  paa  en  kortfattet  Fremstilling  af  Vaimetheoriens  Hovedsaetninger.  Resume 
en  frangais.  1896  2.  25. 

4.  Warming,  Eng.  Halofyt-Studier.  1897  3.  • 

5.  Jobannsen,  W.  .Studier  over  Plantenies  periodiske  Livsyttringer.  1.  Om  antagonistiske  Virksomheder  i 

Stofskiftet,  saerlig  under  Modning  og  Hvile.  1897  3.  75. 

6.  Nielsen,  N.  Undersegelser  over  reciproke  Potenssummer  og  deres  Anvcndelse  paa  Raekker  og  Integraler.  1898.  1 60. 

IX,  med  17  Tavler.  1898  — 1901  17.  • 

1.  Sleenstrii|i,  Ja]ielns,  og  Liiiken,  Chr.  Spolia  Atlantica.  Bidrag  til  Kundskab  om  KTump-  eller  Maanefiskene 

iMolidcej.  Med  4 Tavler  og  en  Del  Xylogralier  og  Fotogravurer.  1898  4.  75. 

2.  Warming,  Eiig.  Familien  Podostemaceae.  5*®  Afhandling.  Med  42  Figurgrupper.  Resume  en  frangais.  1899  I.  60. 

3.  Meyer,  Rirsline.  Om  overeivsstemmende  Tilstande  hos  Stolferne.  En  med  Videnskabernes  Selskal)s  Guld- 

medaille  belonnet  Prisafhandling  Med  en  Tavle.  1899  2.  60. 

4.  Jorgensen,  S.  .11.  Om  Zeise's  Platosemiaetliylen-  og  Gossa’s  Platosemiamminsalte.  Med  1 Tavle.  1900  . . - 75. 

5.  Christensen,  .4.  Om  Overbromider  af  Ghinaalkaloider.  1900  1-  " 

6.  Steenstrn|>,  Japans.  Heteroteuthis  Gray,  med  Bemaerkiiinger  om  Rossia-Sepiola-Fainilien  i Almindelighed. 

Med  en  Tavle.  1900  •,••  •. ; ” 

7 Gram,  Itille.  Om  Proleinkornene  hos  oliegivende  Pro.  Med  4 Tavler.  Resume  en  frangais.  1901  ....  2.  50. 

8.  illelnert,  Fr.  Vandkalvelarverne  (Larva  Dytiscidarum).  Med  6 Tavler.  Resume  en  frangais.  1901  . . 5.  35. 

X,  med  4 Tavler.  1899 — 1902  10.  50. 

1.  Jiiel,  C.  Indledning  i La;ren  om  de  grafiske  Kurver.  Resume  en  frangais.  1899  2.  80. 

2.  Blilmann.  Einar.  Bidrag  til  de  organiske  Kvaegsolvforbindelsers  Kemi.  1901 1.  80. 

3.  Samsee  Land  og  Rnstnip,  E.  .Marktidselen  { Cirsiuiii  aroense).  Eji  Monografl.  Med  4 Tavler.  Resume  en 

frangais.  1901  • • 5 * 

4.  Christensen,  .4.  Om  Bromderivater  af  Chinaalkaloiderne  og  om  de  gennem  disse  dannede  brinlfattigere  For- 

bindelser.  1902  . . . ., 1.  40. 

XI,  med  10  Tavler  og  1 Kort.  1901—03  15-  05. 

1.  Warming,  Eng.  Familien  Podostemaceae.  6‘®  Afhandling.  Med  47  Figurgrupper.  Resume  en  frangais.  1901.  2.  15. 

2.  Ravn,  J.  P.  J.  Molluskernc  i Danmarks  Kridtaflejringer.  1.  Lamellibranchiater.  M^d  1 Kort  og  4 Tavler.  1902.  4.  » 

3.  Whither,  Chr.  Rotationsdispersionen  hos  de  spontant  aktive  StoH’er.  1902  .2.  • 

4.  Ravn,  J.  P.  J.  Molluskerne  i Danmarks  Kridtafleji  inger.  11.  Scaphopoder,  Gastropoder  og  Gephalopoder. 

Med  5 Tavler.  1902  . '. 3.  40. 

5.  Winlher,  Chr.  Polarimetriske  Undersogelser  li:  Rotationsdispersionen  i Opiosninger 1.  60. 

6.  Ravn,  J.  P.  .1.  Molluskerne  i Danmarks  Kridtaflejringer.  ill.  Stratigrafiske  Undersetrelser.  Mod  1 Tavle. 

Resume  en  frangais.  1903  3.  85. 

XII,  med  3 Tavler  og  1 Kort.  1902  — 04  10.  50. 

1.  Forth,  Carl,  Rniidsen,  Martin,  und  Sorensen,  S.  P.  L.  Berichle  iiber  die  Konstanlenbeslimmnngen  zur  Auf- 

steilung  der  hydrographischen  Tabellen.  Gesammelt  von  Martin  Knudsen.  1902  4.  75. 

2.  Bergh,  R.  Gasteropoda  opisthobranchiata.  V\'ith  liiree  plates  and  a map.  (The  Danish  expedition  to  Siam 

1899-1900,  1.)  1902  ; 3.  45. 

3.  Petersen,  €.  G.  Job.,  Jensen,  Seren,  Johansen,  A.  C.,  og  Levinsen.  J.  Chr.  L.  De  danske  Farvandes  Plankton  i 

Aarene  1898—1901.  1903  3.  25. 

4.  Christensen,  4.  Om  Chinaalkaloidernes  Dibromadditionsprodukter  og  om  Forbindelser  af  Alkaloidernes 

Chlorhydrater  med  hajere  Metalchloridcr.  1904 !•  35. 


Zoologiske  og  anatomiske  Skrifter 

udgivne  af  Det  Kgl.  Danske  Videnskabernes  Selskab 

(udenfor  Skrifternes  6te  Raekke,  se  Omslagets  S.  2 — 3) : 

Kr.  Oie 

Bergh,  R.  Bidrag  til  en  Monographi  af  Marseniaderne,  m.  5 Tavler.  53 4.  • 

Anatomiske  Bidrag  til  Kundskab  om  iEolidierne,  m.  9 Tavler.  64 5,  • 

Eschrlchf,  D.  F.  Aiiatomisk-physiologiske  Undersegelser  over  Salperne,  m.  6 Tavler.  4t 2,  35. 

Undersogelser  over  Hvaldyrene.  Afhandling  1—6,  m.  16  Tavler.  44—48  13.  « 

Om  Gangesdelphinen,  m.  3 Tavler.  51  2.  " 

Eschricht  & Reinhardt  Om  Nordhvalen,  m.  6 Tavler.  61  4.  65. 

Ni  Tavler  til  Oplysning  om  Hvaldyrenes  Bygning  m.  Forklaring.  69 2.  05 

Hannover,  A.  Mikroskopiske  Undersogelser  af  Nervesystemet.  m.  7 Tavler.  42 3.  •> 

Om  Bruskens  ferste  Dannelse  og  Udvikling,  m.  2 Tavler.  64  90. 

lagttagelser  over  indkapslede  Indvoldsorme  hos  Freen,  m.  2 Tavler.  65 1.  » 

Epithelioma  cylindraceum,  foliaceum  og  globosum,  m.  2 Tavler.  65  90. 

Om  Bygningen  og  Udviklingen  af  Skjael  og  Pigge  hos  Bruskfisk,  m.  4 Tavler.  67 2.  » 

0iets  Nethlnde,  m.  6 Tavler.  Explic.  des  planches  en  franc.  75 10. 

- — - Primordialbrusken  og  dens  Forbening  1 det  menneskelige  Kranium  for  Fedselen,  m.  2 Tavler.  Explic. 

des  planches  en  fran^.  80 ' 6.  35. 

Rrabbe,  U.  Helminthologiske  Undersogelser  1 Danmark  og  paa  Island,  m.  7 Tavler.  65  2.  75. 

Bidrag  til  Kundskab  om  Fuglenes  Baendelorme,  m.  10  Tavler.  Resume  en  frang.  69  4.  80. 

Kreyer,  H.  Sla?gten  Hippolytes’  nordiske  Al  ter,  m.  6 Tavler.  42  3.  35. 

Liitken,  C.  F.  Additamenta  ad  historian!  Ophiuridarum.  1 — 111,  m.  7 Tavler.  Resume  en  frang.  58 — 69  . . 6.  85. 

Bidrag  til  Kundskab  om  Arterne  af  Slaegten  Cyamus  Latr.  eller  Hvallusene,  m.  4 Tavler.  Resume  en  frang.  73.  2.  15. 

Velhas-Flodens  Fiske,  et  Bidrag  til  Brasilieiis  Ichthyologi,  m.  5 Tavler.  Synopsis  Latina.  75  6.  75.- 

Til  Kundskab  om  to  arktiske  Slaigter  af  Dybhavs-Tudsefiske:  Himantolophus  og  Ceratias,  m.  2 Tavler. 

Resume  en  frang.  78  2.  « 

Spolia  Atlantica.  Bidrag  til  Kundskab  om  Formforandringer  hos  Fiske  under  deres  Vaext  og  Udvikling, 

m.  5 Tavler.  Resume  en  frang.  80  8.  20. 

Meinert,  Fr.  Bidrag  til  de  danske  Myrers  Naturhistorie,  m.  3 Tavler.  60  2.  25. 

• Prosch,  V.  Nogle  nye  Cephalopoder,  m.  1 Tavle.  47 i » 65. 

Reinhardt,  J.  Beskrivelse  af  nogle  nye  Slangearter,  m.  3 Tavler.  43 I.  60. 

Mephitis  Westermanni,  et  nyt  Stinkdyr  fra  Brasilien,  m.  1 Tavle.  57  65. 

Bidrag  til  Kundskab  om  Kjaempedovendyret  Lestodon  armatus.  m.  3 Tavler.  75  2.  20. 

Kaempedovendyr-Slaegten  Coelodon,  m.  5 Tavler.  Resume  en  frang.  78  5.  " 

Beskrivelse  af  Hovedskallen  af  et  Kaempedovcndyr,  Grypotherium  darwinii,  fra  La  Plata-Landenes  plejsto- 

cene  Dannelser,  m.  2 Tavler.  Resume  en  frang.  79  1.  75. 

Reinhardt  & Prosch.  Om  Sciadephorus  Mulleri,  m.  5 Tavler.  46  2.  25. 

Scljodle,  J.  C.  Corotoca  og  Spirachtha,  m.  2 Tavler.  54  1.  35. 

Steenstrup,  Jap.  Rhizochilus  antipathum,  m.  1 Tavle.  53 1.  » 

Hectocotyldannelsen  hos  Octopodslaegterne  Argonauta  og  Tremoctopus,  m.  2 Tavler.  56  1.  35. 

Hemisepius,  en  ny  Sleegt  af  Sepia -Bl®ksprutternes  Familie,  med  BeniEerkninger  om  Sepia  - Formerne  1 

Almindelighed,  m.  2 Tavler.  Resnme  en  frang.  75  1.  25. 

Spolia  atlantica.  Kolossale  Blaeksprutter  fra  det  nordlige  Atlanterhav,  m.  4 Tavler.  98  2.  75. 

Steenstrup  & Lutken.  Bidrag  til  Kundskab  om  det  aabne  Havs  Snyltekrebs  og  Lernaeer,  m.  15  Tavler  61 . . . 5.  • 
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